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EXECUTIVE SUMMARY 

The purpose of this Identification of Chemicals of Concern Technical Memorandum No. 4 (TM) 

is to present the Chemicals of Concern (COCs) for the Rocky Flats Environmental Technology 

Site (RFETS) Operable Unit No. 3 (OU 3) Human Health Risk Assessment (HHRA). 

The COC selection process was developed as part of the Data Aggregation process used in the 

RFETS HHRAs by the U.S. Environmental Protection Agency (EPA), the State of Colorado 

Department of Public Health and the Environment (CDPHE), and the U.S. Department of Energy 

(DOE). Guidance for the Data Aggregation process was provided in a memorandum from DOE 

(DOE, 1994a) and at a presentation by CDPHE, EPA, and DOE on June 3, 1994 (CDPHE/EPA/ 

DOE, 1994). The COC selection process is being used in conjunction with the CDPHE 

Conservative Screen (DOE, 1994d) to aggregate the OU 3 data for the characterization of 

potential OU 3 risks. The CDPHE Conservative Screen is used to identify the areas of the OUS 

that may be impacted by chemicals. The COCs will be used in the HHRA to quantify potential 

risk to exposed receptors. 

The COC selection process was applied to concentration/activity data for each of the following 

IHSSs and media: 

IHSS 199, Contamination of Soils: 

0 Surface soils 

IHSS 200, Great Western Reservoir: 

0 Surface sediments 

0 Subsurface sediments 

e Surface water 

0 Groundwater 

DEN1001 6255.WP5 0911 9194t7:48pm 
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IHSS 201 , Standley Lake: 

0 Surface sediments 

0 Surface water 

0 Groundwater 

IHSS 202, Mower Reservoir: 

0 Surface sediments 

e Surface water 

The COC selection process identifies the chemicals detected in OU 3 that contribute 

significantly to potential risks to human receptors. The objective of the process is to identify 

those chemicals in a particular medium that, based on concentration and toxicity, contribute 

significantly to risks calculated for exposure scenarios involving that medium (EPA, 1 989a). 

The COCs will be used in the HHRA to quantify risks associated with exposure to OU 3 media. 

The COC selection process was agreed upon by EPA, CDPHE, and DOE and is based on Risk 
Assessment Guidance for SuDerfund (EPA, 1989a), the Interagency Agreement (IAG) (IAG, 

1991 1, and site-specific guidance (CDPHE/EPA, 1993; 'DOE, 1993a; CDPHE/EPA/DOE, 1994, 

and €PA, 1994). 

The COC selection process includes an application of the following: 

1. Statistical background comparison tests 

2. A frequency of positive detection screen 

3. An essential nutrient screen 

4. A concentration-toxicity screen 

5. A comparison to Programmatic Preliminary Remediation Goals IPRGs) (DOE, 

1994b). 

A weight-of-evidence evaluation (EPA, 1994) was employed for those media that did not 

undergo the statistical background comparison tests (see Subsection 3.7 for details). The 

0911 9/34/7 :48pm DEN1001 6255.WP5 
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evaluation uses the results of these screening processes and information regarding the nature 

and extent of contamination within OU 3 to assess if a chemical is a COC. 

The results of the COC selection process are shown in Table ES-1 for each medium and each 

IHSS. 
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1 .O INTRODUCTION 

1.1 PURPOSE 

The purpose of this Identification of Chemicals of Concern Technical Memorandum (TM) NO. 4 

is to present the Chemicals of Concern (COCs) for the Rocky Flats Environmental Technology 

Site (RFETS) Operable Unit No. 3 (OU 3) Human Health Risk Assessment (HHRA). The HHRA 

will assess potential human health risks for receptors exposed to the COCs under current and 

likely future land-use conditions. The HHRA supports the Resource Conservation and Recovery 

Act (RCRA) Facility Investigation/Remedial Investigation (RFVRI) report. The COC selection 

process was developed by the US. Environmental Protection Agency (EPA), the State of 

Colorado Department of Public Health and Environment (CDPHE), and the U.S. Department of 

Energy (DOE) as part of the Data Aggregation process used in the RFETS HHRAs (Figure 1-1 1. 

The COC selection process is being used in conjunction with the CDPHE Conservative Screen 

(DOE, 1994d) to aggregate the OU 3 data for the characterization of potential OU 3 risks. The 

CDPHE Conservative Screen is used to identify the areas of the Offs that may be impacted by 

chemicals. Guidance for the Data Aggregation process was provided in a memorandum from 

DOE (DOE, 1994a) and at a presentation by CDPHE, EPA, and DOE on June 3, 1994 

(CDPHE/EPA/DOE, 1994). 

OU 3, located adjacent to the RFETS, consists of the following Individual Hazardous 

Substances Sites (IHSSs): 

e IHSS 199: Contamination of Soils 

IHSS 200: Great Western Reservoir e 

e IHSS 201: Standley Lake 

e IHSS 202: Mower Reservoir 

This TM is a requirement set forth in the Federal Facility Agreement and Consent Order 

(Interagency Agreement - IAG) signed in 1 99 1 (IAG, 1 99 1 ), The RFI/RI is being conducted 

DEN1001 61 FE.WP5 0911 9/94i7:49prn 
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pursuant to the U.S. Department of Energy (DOE) Environmental Restoration Program; a 

Compliance Agreement between the DOE, the EPA, and the CDPHE (IAG, 1991). 

The COCs are potentially site-related chemicals (i.e., potentially related to historical releases 

from the RFETS and subsequent migration to OU 3) whose concentrations exceed background 

levels and whose presence may represent a significant impact on human health. The COCs 

represent the chemicals that are assessed in the HHRA. COCs are identified in this TM for each 

medium (Le., surface soil, sediments, surface water, and groundwater) by IHSS. 

1.2 SCOPE 

This TM focuses on selecting COCs using data for each medium sampled during the RFI/RI 

investigation program at OU 3, as well as other data meeting data-use guidelines (see 

Subsections 2.2.2 and 2.2.3 for details). The RFI/RI program was designed using the 

conceptual models developed as part of the OU 3 RFI/RI Work Plan (DOE, 19921. These 

conceptual models were developed using the information obtained in past OU 3 studies and will 

be updated as part of the HHRA Exposure Assessment. 

As  previously stated, in addition to the requirements set forth in the IAG, specific direction from 

the EPA, the CDPHE, and the DOE (EPA, 1989a; CDPHE/EPA, 1993; CDPHE/EPA, 1994; EPA, 

1993; DOE, 1993a; DOE, 1994a; Gilbert, 1993; and EG&G, 1994) on COC selection methods 

was applied to the OU 3 database to establish the OU 3 COCs. This process includes an 

application of: 1 ) statistical background comparison tests; 2) a frequency of positive detection 

screen; 3) an essential nutrient screen; 4) a concentration-toxicity screen; and 5) a comparison 

to Programmatic Preliminary Remediation Goals (PRGs) (DOE, 1994b). For those media that 

were not assessed using the statistical background comparison tests, a weight-of-evidence 

evaluation (EPA, 1994) was employed to evaluate the results of these screening processes and 

information regarding the nature and extent of contamination within OU 3 to assess if a 

chemical is a COC. The specific direction also includes a process to identify source areas and 

areas of concern in OU 3 (referred to as the CDPHE Conservative Screen). The results of this 

process will be presented in a letter report and are not part of this TM. 

DEN1001 61FE.WP5 0911 9/34/7:49pm 
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The COCs are selected using the OU 3 database extracted from the Rocky flats Environmental 

Database System (RFEDS) as of February 15, 1994. These raw data were processed for use in 

the OU 3 RFI/RI and the resulting database (called the OU 3 database1 is used in all subsequent 

RFI/RI, HHRA, and Environmental Evaluation (EE) data-analysis tasks. The data-processing 

protocols were applied before any analyses were performed. These protocols are described in 

Appendix A. Database cleanup includes removal of duplicated reports, segregation of QA/QC 

information, and general preparation of the data for analysis. These protocols do not include 

adjustment or other operations that affect or alter the analytical results. 

1.3 SUMMARY OF COC SELECTION RESULTS 

COCs were selected for each medium by IHSS by applying the specific guidance provided by 

the EPA, the CDPHE, and the DOE (EPA, 1989a; CDPHE/EPA, 1993; CDPHE/EPA/DOE, 1994; 

EPA, 1993; DOE, 1993a; DOE, 1994a; Gilbert, 1993; and EG&G, 1994a). The following 

chemicals have been identified as COCs for the OU 3 HHRA: 

0 IHSS 199 (surface soil): 

Plutonium (239'240Pu) 

Americium (24'Am) 

0 IHSSs 200, 201, and 202 (sediment, surface water, and groundwater): 

Plutonium (239'240Pu) in IHSS 200 surface sediment 

The COCs will be used in the quantification of risk from exposure to chemicals and the 

refinement of exposure pathways (DOE, 1993b). 
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1.4 REPORT OVERVIEW 

This TM documents the preparation of the database for analysis, the steps of the COC 

selection process, and the results of the COC selection process. This report is divided into 

eight sections as follows: 

Section 1 .O, Introduction 

Section 2.0, Data Preparation 

Section 3.0, Chemicals of Concern Selection Process 

Section 4.0, Chemicals of Concern in Surface Soils 

Section 5.0, Chemicals of Concern in Sediment 

Section 6.0, Chemicals of Concern in Surface Water 

Section 7.0, Chemicals of Concern in Groundwater 

Section 8.0, References 

Section '2.0, Data Preparation, summarizes the steps used to prepare the OU 3 analytical data 

obtained from the RFEDS. 

Section 3.0, Chemical of Concern Selection Process, describes the process used to select the 

COCs using EPA-, CDPHE-, and DOE-approved methods (EPA, 1989a; CDPHE/EPA, 1993; 

CDPHE/EPA/DOE, 1994; EPA, 1993; DOE, 1993a; DOE, 1994a; Gilbert, 1993; and EG&G, 

1994a). This process is described in Section 3.0. 

The media-specific COC selection rationale is presented in Sections 4.0, 5.0, 6.0, and 7.0. 

Section 8.0 lists both published texts and database reference materials in separate listings. The 

appendices included with this TM provide supplementary information used or generated for the 

selection of COCs. The appendices are described below. 

Documentation of the process used to  create the OU 3 database is included in Appendix A, 

Data Preparation. The output generated from applying the statistical methods to surface soil 

data is included in Appendix B, Background Comparison Results - SAS Output for Surface Soils. 

Appendix C, Summary Statistics, includes descriptive summary statistics of each medium 
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sampled in OU 3 before any of the steps of the screening process were applied. A summary of 

the results of the concentration-toxicity screen is found in Appendix D, Concentration-Toxicity 

Screen Summary. The results of the comparison of chemicals to the programmatic PRGs are 

included in Appendix E, PRG Screen Comparison Results. The remaining appendices include 

information regarding the application of scientific rationale for the weight-of-evidence 

discussion used to include or exclude a chemical as a COC. Appendix F, Sediments and 

Surface Water Maps, contains maps showing the spatial distribution of selected chemicals. An 

analysis of whether the distribution of a given chemical data set represents background 

conditions or may indicate impacted conditions is included in Appendix G, Probability Plot 

Analysis. Several guidance documents on the COC selection process are included in 

Appendix H, CDPHE/DOE/EPA Guidance for the COC Selection Process. 
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2.0 DATA PREPARATION 

This section of the TM presents a description of the database assembled for the OU 3 HHRA 

(the OU 3 database) -the rationale for the selection of data sets included as part of the OU 3 
database and a description of the data sets comprising the OU 3 database. Also discussed are 

the procedures followed to create the OU 3 database from these data sets and the protocols 

used to identify data to be used in the COC selection process. 

2.1 EVALUATION OF DATA SETS FOR INCLUSION INTO THE OU 3 DATABASE 

Historical data for the IHSSs included in OU 3 were reviewed during development of the RFVRI 

work plan. These data are summarized in the Final Past Remedv ReDOrt Operable Unit 

No. 3-IHSS 199 (DOE, 1991a) and in the Historical Information Summarv and Preliminan! 

Health Risk Assessment ODerable Unit No. 3 - IHSS 200, 201, and 202 (DOE, 1991 b). The 

useability of the previous data collected was reviewed in accordance with the procedures found 

in Guidance for Data Useabilitv in Risk Assessment (Part A) (EPA, 1990). The conclusions 

indicated that much of the data do not meet data quality objectives (DQOs) to perform a 

rigorous quantitative risk assessment (DOE, 1992). These data may be used in the OU 3 RFI/RI 

nature and extent evaluations and in other data evaluations. 

Based on the existing data review, a sampling program was designed to collect information 

necessary to perform an RFI/RI for OU 3 (DOE, 1992). The sampling was performed during 

1992 and 1993 and entered into the RFEDS. Data from this sampling program are the 

foundation of the OU 3 database. 

Two data sets from pre-RFI/RI investigations were considered for inclusion in the OU 3 

database after meeting the data useability evaluation criteria (Subsection 2.2). The two data 

sets were: 1) the 1 983/84 sediment sampling investigations data (referred to as the Setlock 

data in the OU 3 RFVRI Work Plan) (DOE, 1992); and 2) the Jefferson County Remedy Acres 

surface soil data (DOE, 1991a). Both of these data sets were included in the OU 3 database. 
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The RFVRI work plan stated that where RFI/RI data and historical data appear to be compatible, 

the historical data set would undergo reevaluation to  identify data that could be used 

quantitatively for the HHRA in conjunction with RFI/RI data. 

2.2 OU3DATA 

2.2.1 RFI/RI Sampling Program 

Details of the OU 3 RFI/RI sampling program appear in RFVRI Final Work Plan for OU 3 (DOE, 

1992) and Technical Memorandum No. 1 to  the Final RFVRI Work Plan: ODerable Unit No. 3 

(DOE, 1993d). During the RFI/RI sampling program, the following environmental media were 

sampled: 

0 Surface soil: Sixty-one surface-soil plots were sampled to characterize the 

lateral extent of soil contamination. Samples were collected from each soil plot 

by two methods -the CDH method and the RFP method (also called the 

Modified Hazelton Method). The data from each method were averaged at each 

location and used in all data evaluations discussed in this TM. Samples were 

analyzed for radionuclides. A statistical analysis performed on the soil data 

concluded it was appropriate to combine the CDH and RFP soil data (see 

Attachment 4 of Appendix A). 

0 Subsurface soil: Eleven soil trenches were sampled at  10 depth intervals down 

to 96 centimeters (cm) and at each soil horizon. These data were collected to 

support the DOE'S ongoing radionuclide-migration studies and to characterize 

the vertical extent of soil contamination (DOE, 1992). Samples were analyzed 

for radionuclides, total organic carbon, and general physical parameters. 

* Surface Sediment: Grab samples were collected from 24 stream/ditch sediment 

locations, 46 reservoir sediment locations, and 34 nearshore sediment locations. 

Samples were analyzed for radionuclides, metals, cyanide, volatile organic 
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compounds (Mower Reservoir only), total organic carbon, specific density, and 

grain size. 

e Subsurface Sediment: Vertical core samples from 20 locations were collected 

in the reservoirs to characterize potential vertical extent of contamination (DOE, 

1992); core samples were analyzed for radionuclides, metals, and cyanide. 

e Surface water: Thirty-three surface-water locations (reservoir and streams/ 

ditches) were sampled; samples were analyzed for water-quality parameters 

(Le., major anions, oil and grease, silica, orthophosphate, and cyanide), metals 

(dissolved and total), radionuclides (dissolved and total), and organic compounds 

(Mower Reservoir only). 

e Groundwater: Two groundwater monitoring wells were installed, one adjacent 

to Great Western Reservoir (IHSS 200) and one adjacent to Standley Lake 

(IHSS 201 1, to characterize potential contamination in groundwater resulting 

from interactions between groundwater in OU 3 and sediment and/or surface 

water in the OU 3 reservoirs. Samples were analyzed for metals (dissolved and 

total), radionuclides (dissolved and total), and water-quality parameters. 

e Air: Wind-tunnel studies were conducted in OU 3, near Great Westerr) Reservoir - 
and Standley Lake, to measure resuspension of particulates from soil. The 

studies were designed to address particle size distributions relative to wind 

speed, and activities of suspended radionuclides by particle size (DOE, 1992). 

Data from these studies will be used with surface-soil data in the HHRA to 

evaluate exposure by the inhalation route. In addition, air-monitoring data 

collected through the Rocky Flats Radionuclide Ambient Air Monitoring Program 

(RAAMP) will be used in the HHRA to benchmark estimated ambient 

radionuclide activities based on the data from wind-tunnel studies. 

The RFI/RI sampling locations are presented in the following figures: Figure 2-1 Soil Sample 

Locations; Figure 2-2 RFI/RI Sediment Sample Locations - IHSS 200; Figure 2-3 RFVRI Sediment 
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Grab Sample Locations - IHSS 201 ; Figure 2-4 RFI/Rf Sediment Grab Sample Locations - 
IHSS 202; Figure 2-5 RFl/Rl Surface Water and Groundwater Sample Locations - IHSS 200; 

Figure 2-6 RFI/RI Surface Water and Groundwater Sample Locations - IHSS 201 ; and Figure 2-7 

RFI/RI Surface Water and Groundwater Sample Locations - IHSS 202. The locations of the two 

groundwater wells are shown in Figure 2-5 and Figure 2-6. 

2.2.2 1983184 Sediment Sampling Investigations 

In 1983, a series of surficial-sediment-grab and sediment-core samples was collected from 

Great Western Reservoir (IHSS 200) and analyzed for 239’240Pu. In 1984, sediment-grab, 

surface-water, and sediment-core samples were collected from Standley Lake (IHSS 201 1 and 

analyzed for 239/240Pu. The grab sample locations for Great Western Reservoir and Standley 

Lake are shown in Figures 2-2 and 2-3, respectively. 

As the current quality assurance (QA) requirements were not in effect at the time of the 

1983/84 study, an interdata set statistical comparison was conducted as a means of evaluating 

the useability of the data (DOE, 1992). If the statistical tests indicated the 1983/84 data were 

of the same population as the OU 3 data or had higher concentrations (providing a more 

conservative analysis), it was proposed the data be included in the OU 3 RFI/RI report to 

increase the number of samples used in the data analysis work. 

Data from the samples collected in 1983/84 grab sample data from Great Western Reservoir 

and Standley Lake were statistically compared to those from the OU 3 RFI/RI sediment grab 

samples collected from the respective reservoir. This statistical comparison was performed 

using the paired t-test and the Wilcoxon signed rank test to evaluate the appropriateness of 

combining the data sets for use in the COC selection process. Both statistical tests showed no 

significant difference at the 95 percent confidence level for 23s’240Pu activities between the 

1983/84 grab data and the OU 3 RFI/RI grab data for Standley Lake. Results indicated that 

both statistical tests showed a significant difference in 23s’240Pu activities between the 1 983/84 

grab data and the OU 3 RFI/RI grab data for Great Western Reservoir at the 95 percent 

confidence level. The mean and median 239/240Pu activities for the 1983/84 data for Great 

Western Reservoir were higher than the corresponding OU 3 RFI/RI data, so combining the data 
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would result in a conservative estimate of the mean activity of 23s1240Pu in the reservoir and 

facilitate more robust statistical analysis. Based on the results of these statistical comparison 

tests and the statistical requirements identified in the work plan, the 1983/84 grab data for 

each reservoir were combined with the corresponding OU 3 RFI/RI data for the COC selection 

process and subsequent data analyses. 

2.2.3 Jefferson County Remedy Acres Sampling Investigation 

Surface-soil samples were collected in 1991 (DOE, 1991a) from two parcels of land located 

directly east of the eastern boundary of the RFETS. The samples were collected from tilled and 

untilled strips of land within the two parcels and analyzed for 24'Am, 238Pu, and 239/240Pu. 

Twenty-nine locations were sampled in the northern parcel (1 7 tilled strips and 12 untilled 

strips), and 18 locations were sampled in the southern parcel (8 tilled and 10 untilled strips). 

Sample locations for the northern and southern parcels of the Jefferson County Remedy Acres 

are shown in Figure 2-8. 

The surface-soil data for the two parcels, referred to in this TM as the Jefferson County 

Remedy Acres data, were evaluated to determine their useability in the HHRA. Table 2-1 

presents a comparison of activities of 241Am and 23s/240Pu for the two data sets, Jefferson 

County Remedy Acres samples and RFI/RI samples. Because only a limited number of RFI/RI 

samples (4 out of 61 samples) were analyzed for 238Pu, data for 238Pu are not included in 

Table 2-1. The maximum activities for both radionuclides were greater in the Jefferson County 

Remedy Acres data set than either of the RFI/RI data groupings shown in Table 2-1. The 

decision was made to include the Jefferson County Sampling Area data in the OU 3 database 

because the data provide additional information for characterizing the section of OU 3 located 

adjacent to the RFETS boundary; also, combining the data would result in a conservative 

estimate of average risk for that section of OU 3. The Jefferson County Remedy Acres data 

also provide an assessment of the area within the OU 3 with the most significant 

contamination. 
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2.3 BACKGROUND DATA 

Site-specific background data are available for surface soil, stream sediments, surface Water, 

and groundwater from the following sources: 

0 Rock Creek Backaround Soil SamDles (surface soil) (DOE, 1993e) 

Backaround Geochemical Characterization ReDort (surface sediments and 0 

surface water collected from streams, and groundwater) (DOE, 1 9 9 3 ~ )  

These data sets include results from samples collected a t  stations located in buffer zone areas 

west, north, and south of the RFETS industrial area (DOE, 1 9 9 3 ~ ) .  These buffer areas are near 

the RFETS and have to  remain undisturbed by plant operations. Therefore, results of the 

analyses for these samples represent "background" conditions for RFETS. No samples were 

collected from surface sediments, surface water, or subsurface sediments in background 

reservoirs or lakes in areas near the RFETS. 

Data quality has been evaluated as part of the above reports; therefore, a separate evaluation 

was not necessary. 

2.4 OU 3 DATABASE 

The OU 3 database is formatted as a set of independent Paradox (DOS Version 4.0 RDMS) 

tables containing fields of data. Tables were created for data sets from each of the sources 

described in Subsection 2.2 and Subsection 2.3. These tables can be linked through key fields 

(Le., selected fields that are common to  two or more tables). Figure 2-9 shows the sources of 

data and the general procedures that were followed to  develop the OU 3 database. The last 

extraction of data from RFEDS used in the COC selection process was received on February 15, 

1994. Appendix A contains descriptions of the tables and fields of data, as well as a detailed 

discussion of the procedures used to  develop the OU 3 database. 
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OU 3 data are also contained in ARC/INFO files to be used for producing Geographical 

Information System (GIS) plots of sample locations and analytical results for sample locations 

for the RFI/RI report. 

2.5 DATA USEABILITY CLASSIFICATION 

Data useability levels for data used in the COC selection process were determined by the 

validation codes assigned to each data record by the independent data validators. Any data 

records that contain an wRw (i.e., rejected by the independent validators) in the validation code 

field were considered unusable in the COC selection process according to data useability 

guidance for the Environmental Restoration Program at the RFETS (DOE, 1 994c; EPA, 1989a; 

EPA, 1990). All other data were considered acceptable for use in the COC selection process. 

Ninety-five percent of the validated data for surface soil, sediment, surface water, and 

groundwater (a total of 14,690 data records) were classified as useable. Table 2-2 summarizes 

the results of the data validation process by environmental medium and analytical test group. 

Any nonvalidated data in the OU 3 database were assumed to be useable and therefore were 

included in the data set for the COC selection process. Seven percent (1,082 data records) of 

the surface soil, sediment, surface water, and groundwater data used in the COC selection 

process were not validated as of February 15, 1994. Data validation will be complete for the 

final RFI/RI report as currently scheduled. 

2.6 DATA EVALUATION PROTOCOLS 

Data evaluation protocols were developed based on Guidance for Data Useabilitv in Risk 

Assessments (EPA, 1990) and a guidance memorandum from EG&G (EG&G, 1994b). As 

discussed in the previous section, the protocols were designed to identify and eliminate data 

considered unusable for quantitative data analysis. Additionally, the protocols provide for 

consistent treatment of nondetects, QC samples, and other specific categories of data in the 

quantitative data analyses. A Data Analysis database table was created as part of the OU 3 

database for use in quantitative data-analysis tasks, including selection of COCs and other RI 

data analysis tasks, that reflects application of the data-evaluation protocols. The data- 
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evaluation protocols and the procedures followed to create the Data Analysis table are 

described in detail in Appendix A. 

2.7 ASSESSMENT OF WATER-QUALITY AND PHYSICAL PARAMETERS 

The analyses for sediment, surface-water, and groundwater samples included analytes 

classified as water-quality parameters. The water-quality parameters include major anions 

found in natural waters, and general physical properties such as total suspended solids for 

surface water and groundwater, and total organic carbon (TOC) for sediment (Table 2-31. In 

general, these parameters are not associated with adverse human health effects and therefore 

were not included in the COC selection process. Results of these analyses are used to provide 

information for the evaluation of the nature and extent of contamination and the EE. 

2.8 DATA SETS USED IN THE OU 3 COC SELECTION PROCESS 

Data collected during the OU 3 RFI/RI field investigation program were prepared for quantitative 

data-analysis tasks, including the COC selection process, following standard data-treatment 

protocols. A detailed description of the preparation process is included earlier in this section 

and Appendix A. In addition, surface soil data from the Jefferson County Remedy Acres (DOE, 

1991 a) and sediment data from the 1983/84 Sediment investigations in Great Western 

Reservoir (IHSS 200) and Standley Lake (IHSS 201) (DOE, 1991 b) were used in the CDPHE 

Conservative Screen. 

The data sets used in the COC selection process were selected based on an evaluation of the 

potential exposure pathways for OU 3 in the OU 3 RFI Work Plan (DOE, 1992). (Note: Results 

of further evaluation of the exposure pathways and scenarios for each IHSS of OU 3 are 

presented in Technical Memorandum No. 2, Human Health Risk Assessment ExDosure 

Scenarios, Operable Unit No. 3, Rockv Flats Plant [DOE, 1993b1, a draft document that is 
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TABLE 2-3 

WATER QUAUTY PARAMETERS NOT INCLUDED' 
IN COC SELECTION PROCESS 

Sample Type' Chemical Name 
Sediments 
Sediments 
Sediments 
Sediments 
Sediments 
Sediments 
Sediments 
Sediments 
Sediments 
Surface Water 
Surface Water 
Surface Water 
Surface Water 
Surface Water 
Surface Water 
Surface Water 
Surface Water 
Surface Water 
Surface Water 
Surface Water 
Surface Water 
Surface Water 
Surface Water 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Ground water 

Percent Solids 
Alkalinity as CaCO, 
Bicarbonate as CaCO, 
Carbonate as CaCO, 
NitratelNitrite 
Nitrite 

Total Alkalinity 
Total Organic Carbon 
Ammonia 
Bicarbonate as CaCO, 
Carbonate as CaCO, 
Chloride 
Fluoride 
NitratelNitrite 
Nitrite 
Oil and Grease 
Orthophosphate 
Phosphorus 
Sulfate 
Sulfide 
Total Dissolved Solids 
Total Suspended Solids 
Alkalinity as CaCO, 
Bicarbonate as CaCO, 
Carbonate as CaCO, 
Chloride 
Fluoride 
NitratelNitrite 
Nitrite 
Orthophosphate 

Phosphorus 
Silica 
Sulfate 
Total Dissolved Solids 

PH 

PH 

I 

Groundwater Total Solids 
Groundwater Total Suspended Solids 
'Refer to the discussion of parameters not included in Subsection 2.6 of this 
document. 
blncludes all IHSSs (200, 201, and 202). 
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currently being revised as of September 23, 1994.) The following exposure scenarios were 

determined to be applicable for purposes of performing the COC selection process for OU 3: 

0 IHSS 199: 

particulates, and external radiation exposure from surface soil. 

Residential scenario, including ingestion of surface soil, inhalation of 

0 IHSSs 200 through 202: Residential scenario, including ingestion of surface 

sediments, inhalation of particulates, and external radiation exposure from 

surface sediments; incidental ingestion of surface water while swimming; and 

ingestion of groundwater. (Note: Receptors will most likely be exposed to 

environmental media in IHSSs 200, 201, and 202 through recreational use. 

However, for the COC selection process, the more conservative residential 

scenario was evaluated. 

Because of the uncertainty regarding future use of Great Western Reservoir (IHSS 2001, an 

additional scenario involving exposure of construction workers to subsurface sediments was 

determined to be applicable for IHSS 200. This exposure scenario for Great Western Reservoir 

(IHSS 200) assumes the reservoir will be drained for the construction of buildings or other 

facilities, and that a construction worker will be exposed to subsurface sediments at any depth 

interval as if the sediments were subsurface soil. 

Subsurface sediments in Standley Lake (IHSS 201) and Mower Reservoir (IHSS 202) were not 

evaluated because it is unlikely either of these reservoirs will be drained in the future and, 

therefore, construction workers will not be exposed to subsurface sediments. Standley Lake is 

currently a source of drinking water and irrigation water; Mower Reservoir is privately owned 

and is used for agricultural purposes such as irrigation and water for livestock (DOE, 1993bl. 

No changes in use for either Standley Lake or Mower Reservoir are expected. 

COCs were not selected specifically for air because the surface soil and sediment COCs will be 

used in the HHRA to evaluate the inhalation (air) pathway. The HHRA will evaluate the 

resuspension and dispersion of soil and sediment particles in the air and subsequent exposure 
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via inhalation of the particles. Additionally, the wind-tunnel results will be incorporated into the 

HHRA, as appropriate, when evaluating the resuspension and dispersion of particles in OU 3. 

In summary, the COC selection process was applied to  the following data sets: 

IHSS 199, Contamination of Soils: 

0 Surface soils 

IHSS 200, Great Western Reservoir: 

0 Surface sediments 

0 Subsurface sediments 

0 Surface water 

0 Groundwater 

IHSS 201, Standley Lake: 

0 Surface sediments 

0 Surface water 

0 Groundwater 

IHSS 202, Mower Reservoir: 

0 Surface sediments 

0 Surface water 

DEN1001 61  F7.WP5 09/20/94/6:19pm 



EG&G ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
HHRA Chemicals of Concern Identification, TM 4 
for Operable Unit 3 

Non-Controlled Document 

Section: 
Page: 

3 
1 of 32 

3.0 CHEMICALS OF CONCERN SELECTION PROCESS 

The COC selection process identifies the chemicals detected in OU 3 that contribute significant 

potential risks to human receptors. The objective of the process is to identify those chemicals 

in a particular medium that, based on concentration and toxicity, contribute significantly to 

risks calculated for exposure scenarios involving that medium (EPA, 1989). The COCs will be 

used in the HHRA for OU 3 to quantify risks associated with exposure to surface soils, stream 

and reservoir sediments, surface water, and groundwater. The COC selection process was 

agreed upon by EPA, CDPHE, and DOE and is based on Risk Assessment Guidance for 

SUDerfUnd (EPA, 19891, the Rocky Flats IAG between the State of Colorado (CDPHE), the EPA, 

and the Department of Energy, January 1 99 1 (IAG, 1 99 1 1, and site-specific guidance 

(CDPHE/EPA, 1993; DOE, 1993a; EPA, 1994). 

The COC selection process, as specified by the EPA, CDPHE, and DOE, is outlined in Figure 3-1 

and includes the following steps: 

e Statistical comparison of site data to background data (Subsection 3.1) 

e Elimination of essential nutrients (Subsection 3.2) 

0 Elimination of chemicals detected infrequently (less than 5 percent detection 

frequency) and less than 1,000 times a risk-based concentration 

(Subsections 3.3 and 3.4) 

0 Concentration-Toxicity screen (Subsection 3.5) 

0 Comparison to Preliminary Remediation Goals (PRGs) (Subsection 3.6) 

0 Weight-of-evidence evaluation (Subsection 3.7) 

9 12019416: 29pm 
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Figure 3-1 also cross-references each COC selection step to its respective section in this 

document. An example application of the weight-of-evidence evaluation is presented in 

Subsection 3.8. 

3.1 STATISTICAL COMPARISON TO BACKGROUND 

The purpose of this step of the COC selection process is to identify chemicals with 

concentrations/activities in OU 3 that are significantly greater than corresponding 

concentrations/activities in background. (Note: Activity is the unit of measure for radionuclides 

and concentration is the unit of measure for non-radionuclides [i.e., metals, organic 

compounds, etc.1). The statistical comparison methodology (Figure 3-21 includes a data- 

presentation step and a series of statistical comparison tests that are performed for each 

analyte. The statistical methodology for OU-to-background comparisons was agreed upon by 

EPA, CDPHE, and DOE (DOE, 1993a; EPA, 1993; DOE, 1994a; EG&G, 1994a) and is based on 

site-specific guidance developed by Gilbert (1 993). 

Statistical tests are performed only after the data have been prepared and meet requirements 

for statistical analysis (see Section 2.0). After evaluating the OU 3 and existing background 

data sets (Le., groundwater, sediment, and surface-water background data in Backnround 

Geochemical Characterization ReDOrt [8GCRI [DOE, 1 993cl and Rock Creek surface-soil 

background data [DOE, 1993e11, the statistical comparison methodology was only used for 

OU 3 surface-soil data. The evaluation is described in the following paragraphs. 

The comparability of data sets for statistical comparisons is important for reliable statistical 

findings (Gilbert, 1993). The background data sets in the BGCR (DOE, 1 9 9 3 ~ )  for sediment, 

surface water, and groundwater were not considered appropriate for rigorous statistical 

comparison tests. OU 3 and background data sets for sediments and surface water represent 

different environmental conditions and flow regimes. The majority of OU 3 samples for surface 

water and sediment were collected from reservoirs, and the BGCR data for sediment and 

surface water were collected from streams. Too few samples were collected in the streams in 

each IHSS (eight total samples for all three IHSSs combined) to perform a valid statistical 
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analysis on an IHSS-by-IHSS basis. The power of the statistical tests decreases dramatically 

with less than eight data points (Gilbert, 1987). 

While the background groundwater data set is composed of data collected from 49 wells 

(1 57 total samples), the OU 3 groundwater data were obtained from only 2 wells (sampled 

eight times each). Rigorous statistical comparisons would not be valid when comparing the 

results of 2 wells to 49 wells. In addition, the wells designated as background represent 

different environmental conditions and groundwater flow regimes. 

The term "background data" is used to represent the data collected and summarized in the 

BGCR (DOE, 199312) and the Rock Creek surface soil data used in the statistical comparison 

tests. An example of a statistical comparison using background data is the comparison 

between the OU 3 surface soil data set and the Rock Creek surface soil data set. The term 

"benchmark data" is used to differentiate between background data sets appropriate for 

statistical comparison and background data taken from published literature. Benchmark data 

sets gleaned from published literature (described in Subsection 3.7.1 provide sediment, surface 

water, and groundwater data sets for comparison to OU 3 data. These benchmark data were 

not considered appropriate for quantitative statistical comparisons because of small sample size 

and limited information about sampling and analytical methods and data quality. Thus, the 

first step of the COC selection process for sediment, surface water, and. groundwater begins 

with the Essential Nutrients screen in place of the statistical comparison tests. 

Sixty-one RFVRI. surface-soil samples and 47 Jefferson County Remedy acres soil samples were 

compared to  18 Rock Creek background samples. The Rock Creek sampling sites are located in 

the northwest corner of the Rocky Flats buffer zone (Figure 3-3). 

An example of a benchmark data set is data from the Cherry Creek Basin Authority (CCBA, 

19941, which includes mean concentrations for metals in Cherry Creek Reservoir sediments. A 

description of the benchmark data is found in Subsection 3.8. 
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3.1 -1 Data Presentation 

The data-presentation step, as recommended by Gilbert (1 993), is used to  enhance the 

understanding and interpretation of the statistical tests; it graphically displays the background 

and OU 3 data sets and compares the magnitude, variability, and degree of their overlap. 

Several graphical data-presentation techniques were used to  display the background and OU 3 

data, including histograms, box plots, and probability plots. Results of the data-presentation 

step for surface soil are included as Appendix B and are discussed in Section 4.0. 

3.1.2 Statistical Tests 

Five statistical tests were performed for the surface-soil data for each analyte (Figure 3-41: 

1. Hot-Measurement test 

2. Gehan test 

3; Quantile test 

4. Slippage test 

5. t-test 

If any one of the statistical tests performed for a given comparison indicated a significant 

difference between OU 3 and background data, then the analyte was considered to  be a 

Potential Chemical of Concern (PCOC) and professional judgement was applied to  determine if 

the statistical results were plausible (Gilbert, 1993). Each of these statistical tests is based on 

different statistical hypotheses and assumptions. The purpose and method of each statistical 

test are briefly described in the following subsections. The hypothesis tested, test description, 

and assumptions made for each statistical test are described in detail. Results of the statistical 

comparison tests are presented in Appendix B. 
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nondetects. When there are no nondetects, the Gehan test is identical to  the WRS test. The 

test is a nonparametric test and, as such, can be used regardless of the distribution of the data. 

If the OU 3 data are significantly different from background data under the Gehan test, then the 

analyte is considered to  be a PCOC, pending further investigation. All analytes are carried 

through the remaining tests. 

3.1.2.3 Quantile Test 

The quantile test is a nonparametric test and can be used regardless of the distribution of the 

data and where multiple detection limits are present. The hypothesis tested is whether the 

80th percentiles of the two data sets are statistically significantly different from each other 

with 95 percent confidence. 

The quantile test is very similar to the slippage test and is considered to be a rapid screening 

test. The quantile test is more powerful than the slippage test when the magnitude of 

differences is not large. It is more powerful than the WRS test when analyte concentrations in 

a small proportion of the OU are highly contaminated. 

The test is performed by first listing the combined background and OU 3 measurements from 

smallest to largest. The number of measurements from the OU 3 data among the top 

20 percent of the measurements of the combined data sets are counted. If this number is 

greater than or equal to  a predetermined value, then the analyte is considered to be a PCOC, 

pending further investigation. As shown in Figure 3-4, in order for this statistical test to be 

applicable, the top 20 percent of the combined data sets must be detects. 

3.1.2.4 SliDDaae Test 

The slippage test is also a nonparametric test. To perform the test, the number of OU 3 

measurements that exceed the maximum background value are counted. This number is 

compared to a critical value at 95 percent confidence obtained from a table. If the number 
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exceeds the critical value, then the analyte is considered to be a PCOC, pending further 

investigation. The largest background value can be a detect or nondetect and the slippage test 

is applied to all comparisons. If the maximum value is a nondetect, then the detection limit is 

used as the maximum value. This test has good power (the ability to detect significant 

differences between OU 3 and background concentrations/activities) to detect when a fairly 

large proportion of the OU has analyte concentrations substantially greater than the maximum 

background measurement. 

3.1.2.5 t-Test 

The t-test is a parametric test and determines whether the means of two populations are 

statistically significantly different at 95 percent confidence. The t-test is the most powerful 

test for detecting a difference in the two populations where the background and OU 3 data are 

normally distributed and independent and both data sets have less than 20 percent nondetects. 

The distributions of the data sets are tested using the Shapiro-Wilk test for normality. If both 

the background and OU data contain at least 20 data points, and the means of the data sets 

are approximately normally distributed, then the t-test is performed. 

If the OU 3 data are significantly different from background under the t-test, then the analyte is 

considered to be a PCOC, pending further investigation. 

3.1.3 Professional Judgement 

The background-comparison methodology, as developed by Gilbert (1 9931, emphasizes the step 

of evaluating the output of all statistical tests using professional judgement to determine if the 

results of the tests indicate contamination at the OU. Specific guidance from EPA and CDPHE 
(EPAKDPHE, 1993) limits this step to the following types of data evaluations: 

e Spatial distribution -tools such as spatial plots and compound-specific 

considerations 

mobility 
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Temporal distribution -tools such as time-series plots 

Pattern-recognition concepts -tools useful in identifying anomalies as well as 

confirming "fingerprint" associations. 

These professional judgement steps will be applied only to surface soil data sets after the 

statistical tests are performed. 

3.2 ESSENTIAL NUTRIENTS 

The following inorganics were eliminated from all environmental media by this step of the COC 

selection process: 

0 Calcium 

Iron 

0 Magnesium 

0 Potassium 

0 Sodium 

These nutrients are eliminated because they are considered an essential element in the diet 

(EPA, 1989a). 

3.3 DETECTION FREQUENCY 

Chemicals that are infrequently detected may be artifacts in the data because of sampling or 

analytical problems and therefore may not be site-related (EPA, 1 989a). Detection frequencies 

for each chemical not eliminated by the first two steps of the COC selection process were 

evaluated by medium and IHSS. Chemicals that were not detected in any samples within a 

medium and IHSS were eliminated as COCs for that medium and IHSS. Chemicals detected in 

less than 5 percent of the samples for a medium within an IHSS were identified and further 

evaluated as described in Subsection 3.4. 
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3.4 RBC COMPARISON 

Each chemical that had a detection frequency between zero and 5 percent was further 

evaluated to determine if the samples with results above detection limits represent potential 

areas of localized contamination, For this step, the maximum detected value for each chemical 

was compared to a Risk-Based Concentration (RBC). (RBCs are the same as PRGs, but the 

term PRG will be used for the remainder of this document.) The PRGs used in this step are 

based on a residential exposure scenario for surface soil, sediment, and groundwater and were 

calculated based on the methodology presented in Proarammatic Preliminarv Remediation Goals 

(DOE, 1994b). For surface water, the PRGs are based on a recreational exposure scenario 

because any exposure to unfiltered surface water is assumed to occur through recreational use 

of the reservoirs. If the maximum detected value did not exceed 1,000 times the PRG, the 

chemical was eliminated as a COC. No chemicals in the OU 3 database (regardless of detection 

frequency) were found at levels 1,000 times the PRG. Thus, temporal analysis was not 

performed on any analyte and there are no special-case COCs for OU 3. 

Chemicals without oral and inhalation toxicity values cannot be evaluated in the PRG screen. 

These chemicals were evaluated in the weight-of-evidence evaluation described in 

Subsection 3.7. 

3.5 CONCENTRATION-TOXICITY SCREEN 

The concentration-toxicity screen is used to identify the chemicals within each medium and 

IHSS that are most likely to contribute significantly to risks (99 percent) calculated for exposure 

scenarios involving the medium and IHSS. The concentration-toxicity screen was performed 

following EPA guidance (EPA, 1989a). The first part of the screen was to calculate an 

individual risk factor for each chemical not eliminated by previous steps in the COC selection 

process. The chemical risk factor was calculated either by multiplying the maximum chemical 

concentration by the corresponding slope factor for carcinogens, or by dividing the maximum 

chemical concentration by the corresponding reference dose (RfD) for chemicals with 

noncarcinogenic effects. For chemicals with both oral and inhalation toxicity values, the more 
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conservative toxicity factors (i.e., greater slope factor for carcinogens and lower RfD for 

chemicals with noncarcinogenic effects) were used to calculate the chemical risk factors. 

The individual risk factors were then summed by medium and IHSS to obtain a total risk factor, 

according to the end point of toxicity (carcinogenic or noncarcinogenic effects). Radionuclide 

and nonradionuclide chemicals were summed separately because units for slope factors and 

concentrations/activities in environmental media are different for these two classes of 

chemicals. The ratio of each individual chemical risk factor to the total risk factor approximates 

the relative risk for that medium and IHSS due to each chemical. The chemicals whose 

combined ratios sum to 0.99 (99 percent) of the total risk were considered likely to contribute 

significantly to the overall risk. All other chemicals were eliminated as COCs. 

Chemicals without oral or inhalation toxicity values cannot be evaluated in the concentration- 

toxicity screen step. The chemicals without toxicity values that were detected in OU 3 were 

evaluated further using a weight-of-evidence evaluation to determine if levels of the chemicals 

in OU 3 were elevated over background conditions. The results of this evaluation are included 

in the discussions of the weight-of-evidence evaluation in Subsections 5.6, 6.6, and 7.6 for 

sediment, surface water, and groundwater, respectively. 

3.6 PRG SCREEN 

The chemicals remaining at this point in the COC selection process were evaluated further 

using the PRG screen. The PRGs were calculated based on the methodology presented in 

Proarammatic Preliminarv Remediation Goals (DOE, 199413) and included in Attachment 1 of 

Appendix E. The maximum detected values for the chemicals whose combined risk factor 

ratios summed to 0.99 for each medium and IHSS in the concentration-toxicity screen were 

compared to their corresponding PRGs. Any chemicals with maximum detected values less 

than the corresponding PRG were eliminated as COCs. Maximum detected values greater than 

a PRG were carried through the weight-of-evidence evaluation described in Subsection 3.7. 
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The results of the PRG screen for sediment, surface water, and groundwater are included in 

Appendix E. 

3.7 WEIGHT-OF-EVIDENCE EVALUATION 

As discussed in Subsection 3.1, statistical background comparison tests were performed only 

for surface soil because site and background data sets for the other media were not considered 

comparable for the purposes of rigorous quantitative, statistical tests. Consequently, an 

alternative approach for comparing site to background data was used for sediment, surface 

water, and groundwater (EPA, 1994). The alternative approach is referred to as the "weight- 

of-evidence evaluation" because it relies on a series of evaluations. The weight-of-evidence 

evaluation involves the application of a variety of data analysis techniques in lieu of a rigorous, 

quantitative statistical testing scheme as proposed by Gilbert (1993). The results of the 

evaluations are considered together to assess if levels of chemicals detected in OU 3 represent 

background conditions or contamination. The weight-of-evidence evaluation also serves as the 

nature-and-extent-of-contamination evaluation defined in the CDPHE/EPA/DOE COC selection 

process and the CDPHE Conservation Screen (CDPHE/EPA/DOE, 1 994). 

The following analyses are included in the weight-of-evidence evaluation (Figure 3-51: 

0 Comparisons of means, standard deviations, and ranges of OU 3 data to BGCR 

(DOE, 1 9 9 3 ~ )  data (background sample locations for sediment, surface water, 

and groundwater are shown in Figure 3-4) 

0 Comparisons of means, standard deviations, and ranges of OU 3 data to 

benchmark data (see Subsection 3.8) 

0 Probability plot analysis evaluating data populations 

a Temporal analysis of data to identify seasonal variations or sampling anomalies 
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e Spatial analysis combined with the evaluation of physical processes affecting 

deposition and the evaluation of contribution of various water sources to OU 3 

reservoirs 

Each of these evaluations was performed as appropriate for each environmental medium within 

an IHSS. The results of the evaluations were considered together to assess if a chemical was 

retained as a COC. For those chemicals eliminated as COCs by this step, convincing evidence 

supported the conclusion that detected levels of the chemical in OU 3 are representative of 

background conditions. The benchmark data collection activities are described in 

Subsection 3.8. 

An example of the weight-of-evidence evaluation for arsenic in sediments is provided in 

Subsection 3.9. 

3.8 BENCHMARK DATA COLLECTION ACTIVITIES 

A search was performed to gather benchmark literature data for the comparison of OU 3 

sediment and surface-water data. More than 20 sources were contacted to obtain benchmark 

data for sediments and surface water, as shown in Table 3-1. The data-gathering effort 

focused on obtaining reservoir and lake data in the Front Range and Colorado. The term 

"benchmark data" is used in this TM to represent the data compiled from literature and other 

data sources referenced in Table 3-1 to represent background conditions within the Front 

Range and Colorado. Benchmark data differs from background data sets, which are appropriate 

for statistical comparison. The .term "background data" is used to represent the data collected 

and summarized in the Backaround Geochemical Characterization Report (DOE, 1 9 9 3 ~ )  and the 

Rock Creek surface soil data. Data from the Background Geochemical Characterization Report 

were used to make comparisons to OU 3 data in the weight-of-evidence evaluation. The Rock 

Creek soil data were used in the statistical comparison tests. 

The benchmark data that was primarily used for sediment comparisons include four lakes in the 

Rocky Mountain National Park: Lake Husted, Lake Louise, Lake Haiyaha, and the Loch (Heit, 
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et ai., 1984). Sediment data were also available from Cherry Creek Reservoir (DRCOG, 1994). 

In addition, background sediment stream data from the Lowry Landfill Superfund site was also 

used (EPA, 1992). 

The primary data sets identified during the benchmark data collection activities for surface 

water included Ralston Creek, Croke Canal, and Farmer's Highline Canal (Arvada, 1994DB). 

The reservoir data were compared to Chatfield Reservoir, Cherry Creek Reservoir, Bear Creek 

Lake, and Harriman Lake (Arvada, 1994DB; EPA, 1993DB and 1994DB). 

During the benchmark data-collection activities, information was also collected from lakes 

outside of Colorado for comparative purposes. Data from Superfund sites and other impacted 

areas were' also collected. The purpose of using information from contaminated sites is to 

place the OU 3 concentration/activity levels in perspective with other investigated sites. These 

data sets are presented in figures summarizing the OU 3 concentrations/activities for a given 

chemical in Sections 5.0 and 6.0. 

3.9 WEIGHT-OF-EVIDENCE EXAMPLE 

This subsection presents an illustration of how the weight-of-evidence evaluation was applied 

to arsenic measured in OU 3 surface sediments. 

A summary of the analytical results for arsenic in sediments (for each IHSS) is presented in 

Appendix C (Tables C-3 to C-9). Appendix C shows the summary statistics (before the COC 

selection was performed) by IHSS, including number of detects, number of samples, frequency 

of detection, minimum nondetected value, maximum nondetected value, minimum detected 

value, maximum detected value, arithmetic mean, standard deviation, normal 95 percent upper 

confidence limit (UCL), and lognormal 95 UCL. The summary statistics are used to provide the 

analyst the makeup of the data set (i.e., the frequency of detection and magnitude of 

concentration) before the COC selection process is performed. The use of summary statistics 

is part of an exploratory analysis phase that involved using visual and graphical presentations of 

the data (every chemical will not be displayed visually in this TM). 
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3.9.1 Comparison of OU 3 Data to Benchmark Data 

This step involves comparing the OU 3 data to benchmark data in a less formal, quantitative 

manner than using the five statistical tests described in Subsection 3.1. However, this step 

alone cannot eliminate arsenic as a COC. The benchmark data comparison in conjunction with 

the other weight-of-evidence evaluations provides the rationale that arsenic is not a COC. 

This evaluation step for arsenic involved the use of a visual data-presentation technique 

(Figure 3-61 where the magnitude of concentrations of the OU 3 data for streams and reservoir 

sediment are presented with the Rocky Flats background data for stream sediments and 

relevant benchmark data from the literature. The top portion of Figure 3-6 is a tabulation of 

these data; the bottom segment profiles the data to promote comparison of individual data 

points as well as ranges. The data presented in Figure 3-6 include sediment data from 

Superfund sites, Rocky Mountain National Park lakes, the Great Lakes, Adirondack lakes, 

Cherry Creek Reservoir in Colorado, Missoula Lake bed sediments, and worldwide data. The 

purpose of using information from contaminated sites (the Warm Springs Pond Superfund site 

and the Clear Creek Superfund site) in addition to nonimpacted sites is to place OU 3 levels in 

perspective with other investigated sites. 

Figure 3-6 illustrates the following: 

0 The arsenic concentrations for OU 3 sediments between the IHSSs are 

consistent. All reported concentrations are less than 17.7 milligrams per 

kilogram (mgkg) and there are no apparent spurious data that would suggest 

anomalous concentrations. 

8 The range of OU 3 arsenic concentrations in reservoirs (1.2 to 17.7 mg/kg) is 

comparable with the ranges of the BGCR (DOE, 1993~)  data (sediments that are 

not impacted) -0.39 to 17.3 mg/kg. Additionally, the OU 3 and background 

data are within the range, and comparable to, the expected worldwide ranges 

(0.1 to 55 mg/kg, mean of 7.2 mg/kg). 
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ARSENIC H SEDIMENTS 
(mglkg) 

DATA MIN MEAN MAX STDDEV COMMENTS/SOURCE 
OU3CK-200 3.7 5.31 9.4 1.85 Great Western Reservoir (Creek) (OU 3 Database) 
OU3LK-200 2.6 4.91 9.4 1.46 Great Western Reservoir (Lake) (OU 3 Database) 
OU 3 CK - 201 2.2 4.76 7.8 1.53 Standley Lake (Creek) (OU 3 Database) 
OU3LK-201 1.2 6.96 17.7 4.34 Standley Lake (Lake) (OU 3 Database) 
OU3CK-202 3 4.88 6.8 1.56 Mower Reservoir (Creek) (OU 3 Dabbase) 
OU 3 LK - 202 2.2 5.15 10.4 1.96 Mower Reservoir (Lake) (OU 3 Database) 
BGCR-stream 0.39 2.4 17.3 2.45 RFP Background Stream Sediments, BGCR (WE, 1993c) 
Lake Husted 2.5 0.2 Rocky Mountain National Park Lake Surface Sediment (Heit et ai.. 1984) 
Lake Louise 2.5 0.3 Rocky Mountain Nabionof Park Lake Surface Sediment (Heit et al., 1984) 
Lake Haiyaha 8.4 0.2 Rocky Mountain National Park Lake Surface Sediment (Heit et al., 1984) 
The Loch 1.4 0.2 Rocky Mountam Notional FWk Lake Surface Sediment (Heit et el., 1984) 
L W  0.9 5 17 4 Lomy Landtill Background Stream Sediment OUs 2-5 Baseline Risk 

M i  23 
Great Lakes 2 5 Great Lakes Surface Sediment (Fergusson. 1990) 
Adirondack 5.3 6.5 Lake Adirondack Surface Sediment (Fergusson. 1990) 
Niagara R. 2.7 14 Niagara River Sediment (polluted) (Fergusson, 1990) 
Lake Michigan 6.6 9.2 Lake Michigan Surface Sediment (Fergusson, 1990) 
Chay Creek 5.57 Cherty Creek Resetvoir Surface Sediment (CCBA, 1994) 
Clear Cr. Site’ 1.1 46 Clear Creek Superfund Site (CDPHE. 1990) 
WarmSprings 6 1910 Wann Springs Pond Superfund Site. Pond Bottom Sediments (EPA, 1988) 
worklwide 0.1 7.2 55 7.2 Worldwide Sediment (Boyle & Jam. 1973) 
Peaty Soik 2 13.4 36 9.4 Peaty Soik (Bo* 8 Jonasson, 1973) 
PRG-lad 0.37 

As;sefMlent (EPA, 1992) 
M i i l a  Lake Beds Surface Sediment (Moore and Ramamoorthy, 1984) 

1 fl PRG level based on a residential soil SC”b (EG8G. 1994a) 

I (Concentration is on a log scale) I 

0) 

f 

Data 

Notes: If blank, no data are available. Figure 3-6 
‘Indicates Superfund site. 
OU 3 CK-200 = Creek sediment data in IHSS 200. 
OU 3 LK-200 = Lake sediment data in IHSS 200. 

EXAMPLE DATA COMPARISON-ARSENIC IN SEDIMENTS 
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0 The profile of the OU 3 mean concentrations of arsenic in OU 3 sediments (4.76 

to  6.96 rng/kg) shows concentrations comparable to  ranges of Lowry Landfill 

Superfund site stream sediments that are assumed not to be impacted (0.9 to 

17 mg/kg). 

e Both the OU 3 data and the benchmark data are distinguishable from these data 

representing arsenic contamination (e.g., Warm Springs Pond, Clear Creek). 

Arsenic concentrations in OU 3 are not within the upper end of the ranges of 

heavily polluted sites (Warm Springs Pond and Clear Creek). The maximum 

arsenic concentration in OU 3 sediments ranges from 6.8 mg/kg to 17.7 mg/kg, 

compared with 46 mg/kg at  the Clear Creek Superfund site (CDPHE, 19901 and 

1,910 mg/kg at  the Warm Springs Pond Superfund site (EPA, 1988). 

3.9.2 Temporal Analysis 

OU 3 analytical data were also evaluated over time (if sufficient data collected over time were 

available) to discern any anomalous trend or pattern. Concentration levels sharply elevated at 

one point in time may indicate a historical release event contributing to  concentrations above 

background. Sediment core profiles were analyzed for some analytes to evaluate if possible 

patterns existed throughout the sediment layer. Analyte profiles with discernible peaks may 

indicate source discharges from the RFETS. 

Arsenic concentrations in sediment core profiles did not show any consistent peaks or patterns 

(Figure 3-7). The concentrations of arsenic in the sediment core samples range from 3.6 mg/kg 

to 35 rngkg. 

3.9.3 Spatial Analysis 

Spatial analyses were performed for analytes in OU 3 sediments by evaluating patterns of 

Concentrations at discreet sample points in each IHSS. Analytes showing a distinct spatial 

orientation rather than being randomly distributed may be designated as potential sources or 
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potential hot spots. The physical processes (e.g., sedimentation near the inflow of a stream 

into a lake) affecting concentration distribution and the contribution of various water sources to 

OU 3 reservoirs are also assessed. 

Arsenic concentrations were plotted at every sediment sample location in each IHSS on a map 

generated by GIS (see Figures F-1, F-2, and F-3 in Appendix F of this TM). The maps show 

that the arsenic concentrations tend to be higher in the samples collected in the middle of the 

reservoir than along the exposed shoreline and stream sediment samples. However, along the 

shoreline, in the streams, and in the middle areas of the reservoirs the arsenic levels are 

apparently randomly distributed. There is no discernible pattern of arsenic concentration in 

sediments, thus suggesting a natural, randomly distributed population. The distribution of data 

points is further evaluated in Subsection 3.8.4. 

Natural limnological phenomena explain the slightly elevated concentrations in the center of the 

reservoirs. The finer particles of sediment tend to have the highest concentrations of organic 

matter and thus higher arsenic concentrations (Davis and Kent, 1990). The metals in OU 3 

tend to exhibit this natural concentration distribution. The shoreline sediments are exposed 

most of the year and the finer-grained particles are preferentially removed by wind and water 

erosion. These finer-sediment particles in the water column also tend to deposit in the center 

of the lake where flow velocities can no longer support particle suspension. 

3.9.4 Probability Plot Analysis 

A software package, PROBPLOT, was used to assess populations within the OU 3 data sets 

(see Appendix G). PROBPLOT is conventionally used in the minerals exploration industry to 

guide investigators seeking anomalous mineral deposits (i.e., significantly above background) 

for extraction (Sinclair, 1986; Sinclair, 1976; Stanley, 1987). In this study, concentration data 

(detects only) for those chemicals with sufficient data (1 5 samples above detection limits for a 

given analyte and IHSS) were lognormally transformed and plotted on a cumulative frequency 

graph. Based on the cumulative frequency distribution, the number of populations for a given 

data set were identified. If one population was identified, it was inferred to represent a 
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3.1.2.1 Hot-Measurement Test 

The purpose of the Hot-Measurement test is to compare each OU 3 measurement with a "hot- 

measurement" value to determine whether there are any OU 3 measurements greater than the 

hot-measurement value. If one or more OU 3 measurements exceeds the hot-measurement 

value, then the analyte is considered to be a PCOC, pending further investigation. All analytes 

are carried through the remaining four statistical tests, as appropriate. 

For OU 3, the hot-measurement value is an upper tolerance limit (UTL) calculated from the 

background data. The UTL is an important tool for identifying locations of suspected elevated 

concentrations on a site (Gilbert, 1993; EPA, 1989b). 

A tolerance limit is calculated from the appropriate background data for each analyte. The UTL 

establishes a concentration (or activity) range that contains a specified proportion (percent) of 

the population with a specified confidence (probability). The UTL calculated for OU 3 is the 

value for which there is a 99 percent probability that 99 percent of the population will be below 

this value. If at least one individual OU 3 value exceeds its respective background UTL, then 

the hot-measurement test result is significant. 

Different methods are used to calculate tolerance limits, depending on whether the data are 

normally or lognormally distributed. A Shapiro-Wilk distribution test is performed on the 

background data set to test for normality and lognormality of the data (results of the test are 

presented in Appendix B). 

3.1.2.2 Gehan Test 

The Gehan test is a generalization of the Wilcoxon Rank Sum (WRS) test. The hypothesis 

tested is whether the medians of the two data sets are statistically significantly different from 

each other with 95 percent confidence. It is used in place of the WRS test where the 

background and/or site data sets contain multiple detection limits. It' is applied without 

replacing nondetects. The ranking procedure used in the Gehan test gives lower ranks to 
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background population based on the comparison to background and benchmark data and the 

physicochemical processes occurring in the reservoirs. If two populations existed, it is possible 

that the higher population is the result of contamination. With two populations having low 

concentrations and concentrations that do not vary significantly between each other, however, 

the two populations may be explained by natural physical processes and not necessarily 

contamination (see Appendix G for examples). 

According to  the geochemical analysis using PROBPLOT, only one population is seen for arsenic 

in each of the three reservoirs. Figure 3-8 shows an example of PROBPLOT output for arsenic 

in Great Western Reservoir (IHSS 200). Because of low concentrations (comparable to 

benchmark data) and the lack of separate populations, arsenic in OU 3 samples is identified as 

falling within the background population. Although Standley Lake (IHSS 201 has a maximum 

that is almost twice that of Great Western Reservoir (IHSS 200) and Mower Reservoir (IHSS 
2021, the means are essentially equal and fall within benchmark data. Since Mower Reservoir 

receives 100 percent of its water input from the Rocky Flats Plant drainage area, and Great 

Western Reservoir and Standley Lake receive 65 percent to more than 90 percent, respectively, 

of water input from Clear Creek (ASI, 1990) one might expect significantly higher 

concentrations in Mower Reservoir if RFETS-related contamination were present. However, the 

arsenic concentrations in Mower Reservoir sediment are not significantly greater than Great 

Western Reservoir or Standley Lake; this suggests that arsenic originates from background 

sources and was deposited in the IHSS reservoirs by natural processes. 

3.9.5 Conclusions from the Weight-of-Evidence Evaluation 

Based on the full weight of the evidence presented in this section, the similarity of the OU 3 
mean concentrations to background and benchmark, the probability plot analysis, and the lack 

of discernible spatial trends, arsenic has been eliminated as a COC in surface sediment for the 

three IHSSs. 
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3.10 PHASE 1 HISTORICAL PUBLIC EXPOSURES STUDIES ON ROCKY FLATS MATERIALS OF 

CONCERN 

In addition to the weight-of-evidence evaluation, a comparison was made to the Phase 1 Health 

Studies Materials of Concern to confirm the identification of a chemical as a COC (CDPHE, 

1991a; CDPHE, 1991 b; CDPHE, 1992). 

The Phase 1 Health Studies Materials of Concern evaluation is part of the Rocky Flats 

Toxicologic Review and Dose Reconstruction Project. This project is part of the 1989 

Agreement in Principle that was signed by Governor Romer and former Secretary Watkins that 

"included DOE funding for increased environmental surveillance and oversight, remediation, 

emergency preparedness measures, accelerated cleanup in areas of imminent threat, and health 

studies" (CDPHE, 1994). The project was conducted by ChemRisk under contract to the 

Colorado Department of Public Health and Environment and consists of the following eight 

tasks: . 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Identify chemicals used 

Select materials of concern 

Reconstruct history of operations 

Identify release points 

Estimate releases 

Select and model exposure pathways 

Characterize land uses and demographics 

Perform dose assessment 

The Phase 1 Health Studies on Rocky Flats (Task 11, published in 1991 by the Colorado 

Department of Public Health and the Environment, identified over 8,000 chemicals used in the 

past at  the Rocky Flats site (CDPHE, 1 99 1 a). The list was reduced to those chemicals that 

were most likely to have posed an offsite human health hazard under routine historical plant 

operations (CDPHE, 1991 b). The reduced list (Table 3-2) was prepared using an approach that 

reviewed a substantial amount of data and subsequently used the weight-of-evidence provided 
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by these data to  evaluate if the chemical was a material of concern. The list contains 

7 solvents, 10 metals (including 10 isotopes of radionuclides), and 8 chemicals classified as 

others. 

Tasks 3 and 4 of the Phase 1 Health Studies on Rocky Flats (CDPHE, 1992) reduced the list 

even further by recreating the history of operations at the facility and characterizing emission 

points for releases to  the environment. The chemicals in Table 3-3 are the list of materials 

from Tasks 3 and 4 "for which investigations have conclusively demonstrated that the material 

has been used at Rocky Flats in significant quantity, and in forms and process that are 

associated with a reasonable potential for offsite release" (CDPHE, 1992). This list includes six 

solvents, five metals (including four isotopes of radionuclides), and one chemical classified as 

others (tritium). 

After the weight-of-evidence evaluations were completed, the expanded, conservative list of a 
materials of concern summarized in Table 3-2 is used to  confirm the identification of a chemical 

as a COC. 
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TABLE 3-2 

MATERIALS OF CONCERN SELECTED IN TASK 2 
OF THE RFETS HEALTH STUDIES 

Benzene 

Carbon tetrachloride 

Chloroform 

Methylene chloride 

Tetrachloroethene 

1 , 1 , l  -Trichloroethane 

Trichloroethylene 

241Am 

Beryllium 

Cadmium 

Chromium 

Lead 

Mercury 

Nickel 
238pu 23Sp, 

I 

232Th 

Solvents Metals Others 

Benzidine 

1,3-Butadiene 

Ethylene oxide 

Formaldehyde 

Hydrazine 

Nitric acid 

Propylene oxide 

242Pu Tritium 

2 3 3 ~ ~  2 3 4 ~ ~  2361), 23811 

Source: Task 2 Report. Selection of Chemicals and Radionuclides of Concern. 
Repository Document TA-723 (CDPHE, 1991 bl. 
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TABLE 3-3 

MATERIALS OF CONCERN SELECTED IN TASKS 3 AND 4 
OF THE RFETS HEALTH STUDIES 

Organic Compounds Metals and Others 
Radionuclides 

Carbon Tetrachloride 241Arn Tritium 

Chloroform Beryllium 

Methylene Chloride 

Tetrachloroethene I 

1 , 1,l -Trichloroethane 

239/240pu 

234/236u 2 3 8 u  

Trichloroethylene 

Sources: Reconstruction of Historical Rockv Flats ODerations and Identification of Release 
Points. Proiect Tasks 3 and 4. Final ReDOrt, Auaust 1992 (CDPHE, 1992). 

Proiect Task 5 ReDOrt: Estimatina Historical Emission from Rockv Flats, 1952- 
1989. March 1994 (CDPHE, 1994). 
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4.0 CHEMICALS OF CONCERN IN SURFACE SOILS 

4.1 INTRODUCTION 

Surface soil COCs were identified using the data for OU 3 surface soils, including RFI/RI and 

Jefferson County Remedy Acres data, and background data for surface soils in the Rock Creek 

area (DOE, 1993e). Sixty-one samples were collected from RFI/RI surface-soil plots and 47 

samples were collected from the Jefferson County Remedy Acres in order to identify COCs in 

OU 3 surface soils. The purpose of the sampling was to evaluate the presence, activities, and 

distribution of radionuclides in surface soil. OU 3 surface-soil and background surface-soil 

sampling locations are shown in Figures 2-1 and 3-3, respectively. 

The steps that were followed for the surface-soil COC selection were statistical comparisons of 

OU 3 and background data (Gilbert’s methodology), detection frequency, concentration-toxicity 

screen, and comparison to PRGs. The radionuclides eliminated during each step in the process 

are summarized in Table 4-1. The results of each of the steps are described in the following 

subsections. 

4.2 DATA EVALUATION 

OU 3 surface-soil samples, including RFI/RI and Jefferson County Sampling Area samples, were 

analyzed for radionuclides (i.e., 241Am, 239’240Pu, 233/234U, 236U, and 238U). Additionally, 238Pu was 

occasionally analyzed for in the OU 3 and Jefferson County Remedy acres data. Plutonium238 

was not analyzed in the background data set, so it did not go through the Gilbert statistics. It 

was evaluated in the concentration-toxicity screen. Measured activities for radionuclides 

ranged as follows: 

0 0.00 to 0.52 pCi/g for 241Am 

0.01 to 6.47 pCi/g for 239’240Pu 

0.53 to 2.14 pCi/g for 233/234U 

0.01 to 0.1 2 pCi/g for 236U 

0.67 to 2.13 pCi/g for 238U 

0 

0 

0 

0 

DEN 1 00 1 6 1 F8 .WP5 09/21 /94/3:30pm 



c e 
E 

s 
a 

$2 z 



EG&G ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
HHRA Chemicals of Concern Identification, TM 4 
for Operable Unit 3 

Non-Controlled Document 

Section: 
Page: 

4 
3 o f  1 0  

~ ~ ~~ ~~ 

0.00 to 0.05 pCi/g for 238Pu 

In general, the highest activities for radionuclides in OU 3 surface soils were measured in 

samples taken from the area directly east of RFETS within approximately 2 miles of the RFETS 

boundary. summary statistics for surface-soil samples (after application of the data protocols 

and before the COC selection process is applied) are presented in Appendix C (Tables C-1 and 

C-2). These tables show the summary statistics for each radionuclide analyzed in IHSS 199, 

including number of detects, number of samples, detection frequency, minimum nondetect 

value, maximum nondetect value, minimum detected value, maximum detected value, 

arithmetic mean, geometric standard deviation, 95 percent and lognormal 95 percent UCL. 

These summary statistics are included in the TM to allow the reader to view the surface-soil 

data before any data-reduction methods are applied. 

4.3 STATISTICAL COMPARISON TO BACKGROUND 

As discussed in Subsection 3.1, the data sets for OU 3 and Rock Creek (background) surface 

soils were considered to  be of adequate size for statistical comparisons (i.e., assumptions for 

the use of activity data were valid), and were collected from areas with generally comparable 

geologic characteristics. Therefore, the five statistical tests were used to select PCOCs for 

surface soil (see Subsection 3.1). 

Table 4-2 summarizes the results of the statistical comparison tests for each radionuclide. 

Based on results of the statistical tests, 241Am, z39’z40Pu, 233/z34U, and 238U are PCOCs. By any 

of the five comparison tests, 2361J is not a PCOC. 

The methodology for selecting PCOCs (Gilbert, 1 993) specifies that professional judgement and 

geochemical analyses be applied after conducting statistical tests, in order to determine if the 

results of the statistical tests are plausible (Figure 3-2). Americiumz4’ and z39/z40Pu were 

identified as PCOCs by more than one statistical test; based on professional judgement 

analysis, these radionuclides are considered PCOCs. Historical information from the Final Past 

Remedy Report OU 3 IHSS 199 (DOE, 1991 a) and the pattern of 241Am and 239/z40Pu activities 

in surface soils suggest that the reported levels are not attributable to background. However, 

DEN100161F8.WP5 0911 9194i7:24pm 
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233/234U and 238U were statistical PCOCs based on the results of only one statistical test (i.e., 

Hot-Measurement test). Further professional judgement analysis of the OU 3 data for these 

radionuclides is described below. 

In the Hot-Measurement test, 233/234U and 238U each had one exceedance of the corresponding 

UTL; both exceedances were for sample location PT17992 (see Figure 2-1 1. Sample location 

PT17992 is located southeast of Standley Lake and approximately 6 miles from the center of 

the RFETS facility and approximately 4 miles from the eastern boundary of the RFETS. The 

UTL for 233/234 U is 1.86 picocuries per gram (pCi/g) and the average activity for 233/234U 

measured at PT17992 was 2.14 pCi/g (i.e., average of the activities measured by the CDPHE 

method, 1.89 f 0.41 pCi/g, and by the RFETS method, 2.39 f 0.48 pCi/g). The UTL for 238U 

is 2.01 pCi/g and the average activity for 238U measured at PT17992 was 2.1 3 pCi/g (i.e., 

average of the CDPHE method, 2.08 f 0.43, and by the RFETS method, 2.18 f 0.45). The 

magnitude of the exceedances is minimal for both 233’234U and 238U (Table 4-3). 

Because only one sample location had activities of uranium exceeding the UTLs and the 

magnitudes of the exceedances were small, the spatial pattern of uranium activity in the 

vicinity of PTl7992 was examined to determine if it was consistent with contamination or 

natural variation. The activity of uranium and plutonium isotopes measured in soil samples in 

the vicinity of PTl7992 and the approximate distance from the center of RFETS for those 

samples are summarized in Table 4-4 and Figure 4-1. It is important to note that only PT17992 

has 233/234U and 238U activities exceeding the UTL-all other surface soil plots do not exceed the 

UTL. The patterns of 233’234U activity and 238U activity do not identify a contaminant plume 

from the RFETS because, in general, the activities do not decrease with distance from the 

plant. The activities of 2331234U in this area vary between 0.83 and 2.14 pCi/g, with the next 

highest activities compared to PT17992 measured at distances greater than 3.5 miles from the 

center of the RFETS. The same pattern was observed for 238U with activities ranging from 0.81 

to 2.1 3 pCi/g. P l ~ t o n i u m ~ ~ * / ~ ~ ~  shows the highest activities closer to the RFETS and lower 

activities farther from the RFETS. The 23s/240Pu trend is more likely related to the windblown 

contamination from the RFETS. 
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The range of activities and the spatial variation for 233’234U and 238U measured in surface soil 

samples in the vicinity of PT17992 suggest that the variability represents sampling/matrix/ 

analytical and natural variability rather than contamination. Therefore, 233/234U and 238U were 

not retained as PCOCs. Further, both 233/234U and 238U are more than 20 times lower than the 

PRG values (Table 4-5). 

After application of the Gilbert methodology and professional judgement analysis, the following 

chemicals are classified as PCOCs for surface soils in OU 3: 

0 241Am 

0 230/240 pu 

4.4 DETECTION FREQUENCY 

Data-evaluation protocols for RFETS state that all radionuclide results are to be treated as 

detected values in all quantitative data-analysis tasks (Appendix A). Therefore, because 

surface soil samples were analyzed for radionuclides only, no chemicals were eliminated as 

COCs based on their frequency of detection; nor were they evaluated further with the PRG 

screen step of the COC selection process. 

4.5 CONCENTRATION-TOXICITY SCREEN 

Results of the concentration-toxicity screen for chemicals in surface soils (see Appendix D, 

Table D-1 a) indicate 23s’240Pu and 241Am are both likely to contribute significantly to  the overall 

risk factor from exposure to surface soil. contributes 92 percent of the overall 

risk factor and 241Am contributes 8 percent of the overall risk factor. 

eliminated because it contributes less than one percent of the overall risk factor (Table 4-1 1. 

was 

4.6 CHEMICALS OF CONCERN 

Based on results of the statistical background comparison methodology and concentration- 

toxicity screen, 230’240Pu and 241Am are COCs for surface soil (IHSS 199). 
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TABLE 4-5 

COMPARISON OF URANIUM ACTIVITY IN SOIL 
SAMPLE PT 17992 

PRGs" (pcilg) 

PT17992 PRG 

233/234u 

2 3 8 u  

2.14 

2.13 

45.3 

46.0 

"Source: DOE, 1994b. PRGs are calculated 
based on residential exposure scenario. 0 
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5.0 CHEMICALS OF CONCERN IN SEDIMENTS 

5.1 INTRODUCTION 

The sediment investigation consisted of the sampling and analysis of sediments from the 

creeks/drainages (Walnut Creek, Woman Creek, Dry Creek Valley Ditch, Church Ditch, Coal 

Creek, and Big Dry Creek) and reservoirs (Standley Lake, Great Western Reservoir, and Mower 

Reservoir) in OU 3. A total of 128 surface-sediment samples (excluding quality-control 

samples) were collected during the 1983/84 and RFI/RI investigations from 104 sample 

locations (see Subsection 2.2.2). A total of 1 55 subsurface-sediment samples (excluding 

quality-control samples) were collected from 20 sample locations. The purpose of the sediment 

sampling and subsequent chemical analysis was to characterize radionuclides and metals 

contained within the creekddrainages and reservoirs in OU 3. 

COCs in sediments were identified using the OU 3 sediment data, background sediment data 

from the Backaround Geochemical Characterization ReDOrt (BGCR) (DOE, 1 993~1, background 

sediment data from the Lowry Landfill Baseline Risk Assessment (EPA, 19921, and other 

benchmark data. 

The results of the COC selection process are shown in Table 5-1. The COC selection procedure 

is described in detail in Subsection 3.2. The steps in this selection process for sediments were: 

elimination of essential nutrients, elimination of chemicals detected infrequently, 

concentration-toxicity screen, comparison to PRGs, and weight-of-evidence evaluations. As 

previously discussed in Subsection 3.1, statistical comparison tests using the guidance 

developed by Gilbert (EG&G, 1994a) were not performed for sediment because of 

incomparability of background and OU data. Based on the COC selection process, 239'240Pu in 

IHSS 200 surface sediment is the only chemical identified as a COC. The elimination of water- 

quality parameters and essential nutrients were discussed in Subsections 2.5 and 3.2, 

respectively. The remainder of the COC selection steps are described in the following 

subsections. 
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I IVanadium 
Zinc 
nsRa 

TABLE M 

COC SELECT" PROCESS' RESULTS FOR SEDIMENTS 
(Chemiuls are shorn be&w the test step by which they were diinated as a COC) 

-Pu 

";3 

Zero 
Detections 

Magnesium 

I E i u m  I 

Essential Detection 
Statistical Nutrients Frequency 

Comparison Tests Screen Screen 

IHSS 200 - Great Westen 

Thallium 

Concentration- 
Toxicity Screen 

AntimOny 
copper 
wary 
Molybdenum 
Nickel 
Selenium 
Silver 
Strontium 
Tin 

eservoir -Subsurface Sc 

IA 

Weightof- 
PRO Evidence 

Screen Evaluation 

Barium Arsenii 
Chromium Beryllium 
Cadmium Manganese 
-U =U 

=Ra 
%'Am 

4one 
iments (Cor 

hlcium 

ron 

lagnesium 

;odium 

Massium 

cww %'Am 
MI3rCUt-y W P U  

Nickel -U 

Selenium =U 

Silver =U 

Molybdenum 'loPo 

Strontium Arsenic 
Tin Barium 
Vanadium Beryllium 
Zinc Cadmium 

Chromium 
Manganese 

I Tritium 
-Sr 

'37cs I I 

bChemicals without toxicii factors are evaluated using the weight-of-evidence evaluation. 
'NA = Not applicable; s t a t i i l  tests were not performed because of lack of appropriate background data set. 
*ballium will be discussed in the weightd-evidence sedion. PRGs were unavailable for comparison. 

W M a  
Toxicity 
Facto8 

U u m i n u m 
ksium 
Malt  
.ead 
.ithiurn 
;ilium 

Uuminum 

M u m  

Malt 

.ead 

.ithiurn 
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Detection Weightof- 
Frequency Concentration- PFtO Evidence 

Screen Toxicity Screen Screen Evaluation 

- 

Zero 
Detections 

Wlholka 
TOX*Q 

Facto8 
IHSS 201 - Standley Lake 
Cesium 

Cadmium 

"U 
zJM4oPu 
mRa 

-u 

a1 Am 

Thallium Manganese Cobalt 

Lithium 
Silicon 

mu Lead 

1 ,l .l-Trichloroethane 
1 ,1.2,2.-Tetrachhoethak 
1,1.2-Trichloruethane 
1 .l-Dichloroethane 
1,l-DicMoroethene 

1.2-Dichloraethene 
1 .2-Dichloropropane 
2-Hexanone 
4-Methyl-2-pentanone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Ciil.3-Diiloropropene 
Dibromochloromethane 
Ethylbenzene 
Styrene 
Tetrachlomdme 
Thallium 
Trans-l.3-Dichloropropene 
Trichloroethene 
Total Xylenes 
Vinyl Acetate 

1 ,P-Di~hIoroethat~ 
Zinc 
Acetone 
2-Butanone 
Methylene chloride 
Toluene 
Total xylenes 

TABLE 6-1 

COC SELECTION PROCESS' RESULTS FOR SEDIMENTS 
(Chemicals are shown below the test step by which they were eliminated as a COC) 

Statistical 
dommrison Tests 

Surface Sediments (Oral 
IA' 

r -Surface Sediments (0 
IA 

Essentiil 
Nutrients 
Screen 

iamples) 
hlcium 
hagnesium 
mn 
;odium 
Wassium 

b Samples1 
hlcium 
hagnesium 
ron 
iodium 
Wassium 

Barium 
Beryllium 
copper 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Strontium 
Tin 
Vanadium 
Zinc 
PeRa 
-sr 
Tritium 
137cs 

Antimony 
Copper 
Mercury 
Nickel 
Selenium 
Silver 
Strontium 

Vanadium 

Barium 
Chromium Beryllium 

rAm I 
Lithium 
Silicon 
Thallium 

Vinyl Chloride 

'NA = Not applicable; statistical tests were not performed because of lack of appropriate background data set. 
%allium will be discussed in the weight-of-evidence secti i. PRGs were unavailable for comparison. 

cots 

None 
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5.2 DATA EVALUATION 

The sediment investigation consisted of sampling creekddrainages and reservoirs in OU 3. The 

purpose of the sampling was to evaluate the presence, concentrations, and distribution of 

potential contaminants. Sediment grab samples were collected to characterize the potential 

lateral extent of contamination in surficial sediments; sediment core samples were collected to 

characterize the potential vertical extent of contamination in reservoir bottom sediments. 

Data for sediment grab samples collected from OU 3 were analyzed for TAL metals and 

radionuclides (gross alpha/beta, 239/240Pu, 241Am, 233’234U, 236U, and 238U). VOAs were only 

analyzed for in Mower Reservoir (IHSS 202), and tritium was only analyzed for in Great 

Western Reservoir (IHSS 200). In addition, a portion of the sediment grab samples were 

analyzed for 137Cs (cesium) and *9/eoSr (strontium). Data for sediment core samples were only 

evaluated in IHSS 200 (see Subsection 2.8). 

A summary of data for the OU 3 surface-sediment samples within each IHSS and for each 

sediment type (creekheservoir) is presented in Appendix C (Tables C-4, C-6, C-8, C-1 0, C-12, 

and C-13). Summary statistics for subsurface-sediment (core) samples are presented in 

Table C-5. These summary statistics include the number of detects, number of samples, 

frequency of detection, minimum nondetected value, maximum nondetected value, minimum 

detected value, maximum detected value, arithmetic mean, standard deviation, normal 

95 percent UCL, and lognormal 95 percent UCL. 

5.3 DETECTION FREQUENCY 

The evaluation of detection frequency serves to identify and eliminate those chemicals that are 

not detected or are detected only infrequently within a given medium. Chemicals that were not 

detected (zero percent detection frequency) and chemicals with a low detection frequency 

(< 5 percent) in sediment samples are summarized in Table 5-1, 

In sediment grab samples in IHSS 200, two chemicals (cyanide and thallium) were eliminated. 

One chemical (thallium) was eliminated based on detection frequency in IHSS 201. In 
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IHSS 202, 3 metals and 28 volatile organic compounds (VOCs) were eliminated (VOAs were 

only analyzed in IHSS 202). 

In sediment core samples in IHSS 200, one chemical (thallium) was eliminated based on a 

zero percent detection frequency. No other analytes were detected below 5 percent in 

subsurface sediment samples. 

As described in Subsection 3.4, chemicals with a detection frequency between zero and 

5 percent were compared to 1,000 times the PRG. In surface-sediment samples, thallium was 

the only chemical that was detected in zero to 5 percent of the samples collected. Because 

thallium does not have a toxicity factor, it cannot be compared to 1,000 times the PRG. Thus, 

weight-of-evidence evaluations will be applied to thallium as a special case. 

5.4 CONCENTRATION-TOXICITY SCREEN 

Chemicals contributing to 99 percent of the risk in the concentration-toxicity screen, as 

described in Subsection 3.5, are summarized by IHSS in Appendix D. Those chemicals that 

contribute less than 1 percent of the risk were eliminated as COCs. 

As  shown in Table 5-1 for surface sediment samples, 15 chemicals were eliminated in 

IHSS 200, 17 chemicals were eliminated in IHSS 201, and 16 chemicals were eliminated in 

IHSS 202 based on this criterion. 

In subsurface sediment samples, 10 chemicals were eliminated in IHSS 200 based on the 

concentration-toxicity screen (see Table 5-1 1. 

5.5 PRG SCREEN 

Based on the PRG screen presented in Proarammatic Preliminarv Remediation Goals (DOE, 
1994b3, seven chemicals were eliminated in IHSS 200, seven chemicals were eliminated in 

IHSS 201, and eight chemicals were eliminated in IHSS 202 surface sediments. Twelve 

chemicals were eliminated in IHSS 200 subsurface sediments (see Table 5-1 1. These 
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preliminary remediation goals (PRGs) were based on the residential exposure scenario for the 

ingestion of sediments. The PRG calculations and results are presented in Appendix E. 

5.6 WEIGHT-OF-EVIDENCE EVALUATION 

The following chemicals in surface sediments remain for discussion in the weight-of-evidence 

section after passing through each screen in the COC selection process: 

IHSS 200 

0 

0 

0 

0 

IHSS 201 

0 

0 

0 

IHSS 202 

0 

0 

Arsenic (Maximum - 9.4 mg/kg, PRG =0.3659 mg/kg) 

Beryllium (Maximum - 1.6 mg/kg, PRG = 0.1489 mg/kg) 

Manganese (Maximum - 1,550 mg/kg, PRG = 1,364 mg/kg) 

236U (Maximum - 0.56 pCi/g, PRG =O. 173 pCi/g) 

Arsenic (Maximum - 17.7 mg/kg, PRG = 0.3659 mg/kg) 

Manganese (Maximum - 4,450 mg/kg, PRG = 1,364 mg/kg) 

236U (Maximum-0.2 pCi/g, PRG =0.173 pCi/g) 

Arsenic (Maximum - 10.4 mg/kg, PRG = 0.3569 mg/kg) 

Beryllium (Maximum - 1.5 mg/kg, PRG =0.1489 mg/kg) 

No chemicals in subsurface sediments with available toxicity factors remain for weight-of- 

evidence evaluations. 
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At this point, several other chemicals have not been eliminated from the COC list because of a 

lack of available toxicity factors. These chemicals include the following and are applicable to 

all IHSSs: 

Aluminum 

0 Cesium 

Cobalt 

Lead 

0 Lithium 

Silicon 

0 Thallium 

These chemicals are discussed in Subsection 5.6.2; thallium was eliminated as a COC in 

subsurface sediments based on detection frequency and will not be discussed in the weight-of- 

evidence evaluations for subsurface sediments. 

The analytes remaining after the PRG screen (Table 5-1 1 were evaluated using the 

weight-of-evidence evaluation described in Subsection 3.7 to determine if the analyte was 

consistently detected above benchmark levels and therefore a COC. Comparisons were made 

on an IHSS-specific basis in creek and reservoir sediments. The following criteria were used in 

the weight of evidence evaluations: 

0 Comparison of means, standard deviations, and ranges of OU 3 sediment data to 

BGCR (DOE, 1 9 9 3 ~ )  sediment data 

Background sediment data for the Lowry Landfill Superfund site (EPA, 1992) and 

literature benchmark data 

Probability plot analysis evaluating chemical data populations in OU 3 sediments 

0 Temporal analyses of sediment cores to identify seasonal variations or sampling 

anomalies 
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0 Spatial analyses of sediment grab samples in each IHSS 

Metal concentrations in OU 3 creek sediments were compared to the means and maximums in 

the BGCR (DOE, 1993c) and the background data sets from the Lowry Landfill Superfund site 

(EPA, 1992). The BGCR (DOE, 1 9 9 3 ~ )  contains background concentrations for a wide variety 

of chemicals. Sampling areas for this study include creeks and drainages outside of the RFETS 

boundaries. Data for radionuclides were only available from the BGCR (DOE, 1993~) .  'The 

background data set from the Lowry Landfill Superfund site (EPA, 1992) consisted of data from 

creeks approximately 1 mile from the southern half of the landfill. No data for radionuclides 

were available from the Lowry Landfill Superfund site background data set. Data for OU 3 

reservoir sediments were compared to a variety of benchmark literature means only; no ranges 

were available. Subsection 3.7.1 summarizes the literature sources gathered for benchmark 

comparison to OU 3 sediments. Appendix G summarizes OU 3, background, and benchmark 

data for sediments. Where appropriate, a 95 percent estimated upperbound concentration 

(mean plus two standard deviations) was used in comparing OU 3 data to background 

concentrations. Tables 5-2 and 5-3 present the summary statistics by IHSS for the chemicals 

evaluated by the weight-of-evidence evaluation for surface-sediment data and subsurface- 

sediment data, respectively. A summary of the background and benchmark data is also 

included in Table 5-2 and Table 5-3. 

As with all sampling activities, a certain amount of variability exists. Natural variability is 

discussed in detail in Appendix G. Sampling variability exists between sample locations at 

OU 3, because both nearshore and deep sediment grab samples were combined into one data 

set. Whereas nearshore sediment is usually coarse-grained, deep sediment tends to be 

finer-grained and rich in organics (Davis and Kent, 1990). Analytical variability was determined 

based on historical relative percent differences (RPDs). These historical RPDs represent 

acceptable laboratory precision levels referenced from Data Qualitv Obiectives for Remedial 

ResDonse Activities OSWER 9355.0-7B (EPA, 1987). 

PROBPLOT, an analysis tool, was used for assessing populations within a data set (see 

Appendix GI. In the case of OU 3, analytes were evaluated on an IHSS-by-IHSS basis. 

Concentrations for those elements with sufficient data were plotted lognormally. If a single 
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population was noted (i.e., a straight line), it was presumed that the samples represented 

background levels. This conclusion assumes that a background population must exist, and if a 

single population is observed, all samples must be associated with that background population. 

If two populations are seen, it is conceivable that the population of higher values represents 

source contamination. If, however, both populations consist of low concentrations, the two 

populations may be explained by natural physical processes and do not necessarily represent 

contamination (see Appendix GI. 

Another weight-of-evidence evaluation included spatial analyses: evaluating patterns of 

concentrations at discrete sample points in each IHSS. Analytes showing a distinct spatial 

orientation rather than being randomly distributed may be designated as potential sources or 

potential hot spots. However, if no identifiable patterns or trends were noted, the distribution 

of chemical concentrations was attributed to natural processes (Appendix F). 

Core profiles were analyzed for some analytes (if sufficient data existed) to evaluate if possible 

patterns existed throughout the sediment layer. Concentration levels sharply elevated at one 

point in time may indicate a historical release event contributing to concentrations above 

background. However, if there are no perceivable trends, this suggests that the analyte is 

occurring naturally without any source contamination. 

The following subsections discuss weight-of-evidence evaluations for chemicals in surface 

sediments that exceed the PRGs (Subsection 5.6.1 ), chemicals in surface sediments without 

toxicity factors (Subsection 5.6.2), and chemicals in subsurface sediments without toxicity 

factors (Subsection 5.6.3). 

5.6.1 Weight-of-Evidence Evaluations for Chemicals Exceeding PRGs 

5.6.1.1 Arsenic 

A more detailed description of the weight-of-evidence evaluation of arsenic is presented in 

Subsection 3.9. Mean concentrations of arsenic in OU 3 creek sediments (5.3 mg/kg, 

4.8 mg/kg, 4.9 mg/kg in IHSSs 200, 201, and 202, respectively) were consistent with the 
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Lowry Landfill Superfund site background mean (5 mg/kg) (EPA, 19921, and were less than the 

mean plus two standard deviations (7.3 mg/kg) as given in the BGCR (DOE, 1993~).  The 

maximum concentration (1 7 mg/kg) in background creek sediments was greater than the 

maximum detected concentrations in OU 3 creek sediments (9.4 mg/kg, 7.8 mg/kg, 6.8 mg/kg 

in IHSSs 200, 201, and 202, respectively). Mean concentrations of arsenic in OU 3 reservoir 

sediments (4.9 mg/kg, 7.0 mg/kg, 5.2 mg/kg in lHSSs 200, 201, and 202, respectively) were 

similar or less than reservoir benchmark literature means (range: 1 .O to 8.4 mg/kg) and less 

than worldwide means (7.2 mg/kg). Maximum concentrations of arsenic in 00 3 reservoir 

sediments (9.4 rng/kg, 17.7 mg/kg, 10.4 mg/kg in IHSSs 200, 201, and 202, respectively) 

were within the worldwide benchmark ranges (0.1 to 55 mg/kg). 

The range of arsenic concentrations for various sources is depicted in Figure 5-1. These 

sources include Superfund sites, background ranges, benchmark ranges, and the OU 3 data. 

Concentrations of arsenic in OU 3 sediments are below the mean concentrations in other 

Superfund sites and are comparable to  background and benchmark levels. Additionally, the 

concenirations of arsenic in OU 3 sediments are consistent; there are no apparent spurious data 

that would suggest anomalous concentrations. The purpose of using information from 

contaminated sites in addition to nonimpacted sites is to place OU 3 levels in perspective with 

other investigated sites. 

According to the PROBPLOT analysis, only one population of arsenic was identified in each of 

the three reservoirs (Appendix G). Although the means for each of the IHSSs are similar, 

IHSS 201 has a maximum that is almost twice that of IHSSs 200 and 202. This higher 

maximum concentration may be a result of the sediments from Clear Creek, a highly 

mineralized drainage. Because of low concentrations and the lack of separate populations, 

concentrations of arsenic in OU 3 samples were identified as being consistent with the 

background population (see Appendix GI. 

Spatially, there were no discernible patterns in OU 3 sediments, despite the high variability of 

arsenic concentrations, thus indicating a natural population. The maps show that the arsenic 

concentrations tend to be randomly distributed along the shoreline, in the streams, and in the 

middle areas of the reservoirs (Appendix F). 
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ARSENIC IN SEDIMENTS 
(mglkg) 

DATA MIN MEAN MAX STDDEV COMMENTSISOURCE 
OU3CK-200 3.7 5.31 9.4 1.85 Great Westem Reservoir (Creek) (OU 3 Database) 
OU 3 LK - 200 
OU 3 CK - 201 
OU 3 LK - 201 
OU 3 CK - 202 
OU 3 LK - 202 
BGCR -stream 
Lake Husted 
Lake Louise 
Lake Ha’mha 
The Loch 

Lowry 

Missouta 
Great Lakes 
Adirondack 
Niagara R. 
Lake Michigan 
Cheny Creak 
Clear Cr. Sie‘ 
Warm Springs 
Worfdwide 
Peaty Soik 
PRG-1 Od 

2.6 
2.2 
1.2 
3 

2.2 
0.39 

0.9 

2 
5.3 
2.7 

1.1 
6 

0.1 
2 

4.91 
4.76 
6.96 
4.88 
5.15 
2.4 
2.5 
2.5 

1.4 
5 

23 

8.4 

6.6 
5.57 

7.2 
13.4 
0.37 

9.4 
7.8 
17.7 
6.8 
10.4 
17.3 

17 

5 
6.5 
14 
9.2 

46 
1910 
55 
36 

1.46 
1.53 
4.34 
1.56 
1.96 
2.45 
0.2 
0.3 
0.2 
0.2 
4 

7.2 
9.4 

Great Westem Resewoir (Lake) (OU 3 Database) 
Standby Lake (Creak) (OU 3 Database) 
Standley Lake (Lake) (OU 3 Database) 
Mower Reservoir (Creek) (OU 3 Database) 
Mower Reservoir (Lake) (OU 3 Database) 
RFP Background Stream Sediments, BGCR (DOE, 199%) 
Rocky Mountain National Park Lake Surface Sediment (Heit et at., 1984) 
Rocky Mountain National park Lake Surface Sediment (Heit et al., 1984) 
Rocky Mountain National Park Lake Surface Sediment (Heit et al., 1984) 
Rocky Mountaii National Park Lake Swface Sediment (Heit et al., 1984) 
Lowry Landfill Background Stream Sediment OUs 2-5 Baseline Risk 
Assessment (EPA. 1992) 
M i i l a  Lake Beds Surface Sediment (Moore and Rammoorthy. 1984) 
Great Lakes Sutface sediment (Fergmn, 1990) 
Lake Adirondack Surface Sediment (Fergusson, 1990) 
Niagara River Sediment (polluted) (Fergusson, 1990) 
Lake Michigan Surface Sediment (Fergusson, 1990) 
Cheny Creak Reservoir Surface Sediment (CCBA, 1994) 
Clear Creek Superfund Site (CDPHE, 1990) 
Warm Springs Pond Superfund Site. Pond Bottom Sediments (EPA. 1988) 
Worktwide Sediment (Boyle 8 JoMsson, 1973) 
Peaty Soils (Boyle 8 Jonasson. 1973) 

lod PRG level based on a residential soil scenario (EGLG, 1994) 

loo0 

100 

1 

0.1 

Arsenic in Sediments 
(Concentration is on a log scale) 

MaX=l910 --+ 

Data 

Notes: If blank, no data are available. 
‘Indicates Superfund site. 
OU 3 CK-200 = Creek sediment data in IHSS 200. 
OU 3 LK-200 = Lake sediment data in IHSS 200. 

Figure 5-1 
ARSENIC IN SEDIMENTS 
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Based on the similarity of the data sets, the PROBPLOT analysis, and the lack of discernible 

spatial trends, it has been determined that arsenic concentrations in OU 3 sediments are within 

background ranges; therefore, arsenic has been eliminated as a COC for all three IHSSs. This 

conclusion is supported by the Phase 1 Health Studies, which did not identify arsenic as a 

material of concern (CDPHE, 1991 b). 

5.6.1.2 Bervllium 

Beryllium was screened out as a COC in IHSS 201 by the concentration-toxicity screen. Mean 

concentrations of beryllium in OU 3 creek sediments (0.9 mg/kg and 0.8 mg/kg in IHSSs 200 

and 202, respectively) were consistent with the Lowry Landfill Superfund site background 

mean (1 .O mg/kg) (EPA, 1992) and less than the mean plus two standard deviations 

(4.0 mg/kg) given in the BGCR (DOE, 1993~).  The maximum detected values in OU 3 creek 

sediments (1.6 mg/kg and 1.4 mg/kg in IHSSs 200 and 202, respectively) were similar or less 

than background creek maximums (1.3 mg/kg and 2 mg/kg). Mean concentrations of beryllium 

in OU 3 reservoir sediments (0.9 mg/kg and 1.1 mg/kg in IHSSs 200 and 202, respectively) 

were less than reservoir benchmark means (range: 3.9 to 9.3 mg/kg). 

The range of beryllium concentrations for various sources is depicted in Figure 5-2. These 

sources include Superfund sites, background ranges, benchmark ranges, and the OU 3 data. 

Concentrations of beryllium in OU 3 sediments are below the mean concentrations in other 

Superfund sites and are comparable to background levels. Additionally, the concentrations of 

beryllium in OU 3 sediments are consistent; there are no apparent spurious data that would 

suggest anomalous concentrations. The purpose of using information from contaminated sites 

in addition to nonimpacted sites is to place OU 3 levels in perspective with other investigated 

sites. 

A single population was indicated according to the analysis using PROBPLOT (Appendix GI. 
Beryllium in sediments shows no difference in mean, standard deviation, and median values 

between the three IHSSs. Because of the single population and low concentrations, OU 3 

beryllium concentrations were associated with the background population (Appendix GI. 
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BERYLLIUM IN SEDIMENTS 
(mukg) 

DATA MIN MEAN MAX STDDEV COMMENTSISOURCE 
OU 3 CK - 200 0.24 0.85 1.6 0.38 Great Westem Reservoir Surface Sediments (Creek) (OU 3 Database) 
OU 3 LK - 200 
OU 3 CK - 201 
OU 3 LK - 201 
OU 3 CK - 202 
OU 3 LK - 202 
BGCR -stream 
Lake Husted 
Lake Louise 
Lake Haiyaha 
The Loch 

Lowry 

Cheny Creek 
Warm Springs* 

0.37 0.85 1.4 0.27 
0.22 0.58 1.5 0.31 
0.15 0.7 1.6 0.47 
0.41 0.78 1.4 0.54 
0.54 1.06 1.5 0.27 
0.15 0.66 1.3 1.69 

3.9 1 
5 3 
9.3 1.1 
7.4 1.3 

0.23 t.04 2 0.48 

4.03 
0 6 

Great Western Reservoir Surface Sediments (Lake) (OU 3 Database) 
Standley Lake Surface Sediments (Creek) (OU 3 Database) 
Standley Lake Surface Sediments (Lake) (OU 3 Database) 
Mower Reservoir Surface Sediments (Creek) (OU 3 Database) 
Mower Reservoir Surface Sediments (Lake) (OU 3 Database) 
RFP Background Stream Sediments, BGCR (DOE, 1993c) 
Rocky Mountain National Park Surface Sediments (Heit et al., 1984) 
Rocky Mountain National Park Surface Sediments (Heit et al., 1984) 
Rocky Mountain National Park Surface Sediments (Heit et al., 1984) 
Rocky Mountain National Park Surface Sediments (Heit et al., 1984) 
Lowry Landfill Background Stream Sediment OUs 2-5 Baseline Risk 
Assessment (EPA, 1992) 
Cherty Creek Reselvoir (CCBA, 1994) 
Warm Springs Pond Superfund Site, Pond Bottom Sediments (EPA, 1988) 

PRG 0.15 lo6 PRG level based on a residential soil scenario (EG&G, 1994a) 

Beryllium in Sediments 

10 

e 

e 

e 
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0 

Data 

Notes: If blank, no data are available. 
'Indicates Superfund site. 

OU 3 CK-200 = Creek sediment data in IHSS 200. 
OU 3 LK-200 = Lake sediment data in IHSS 200. 

Figure 5-2 
BERYLLIUM IN SEDIMENTS 
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Spatially, there were no discernible patterns in OU 3 sediments, despite the high variability of 

beryllium concentrations, thus indicating a natural population. The maps show that the 

beryllium concentrations tend to be randomly distributed along the shoreline, in the streams, 

and in the middle areas of the reservoirs (Appendix F). 

Based on the comparison of data sets, the PROBPLOT analysis, and the lack of discernible 

spatial trends, it has been determined that beryllium concentrations in OU 3 sediments are not 

significantly above background; therefore, beryllium has been eliminated as a COC in 

IHSSs 200 and 202. As discussed earlier, beryllium has been eliminated as a COC in IHSS 200 

by the concentration-toxicity screen. 

5.6.1.3 Manaanese 

Manganese was screened out as a COC in IHSS 202 by the PRG screen (see Table 5-1 1. Mean 

concentrations of manganese in OU 3 creek sediments (684 mg/kg and 1,706 mg/kg in IHSSs 

200 and 201, respectively) were greater than the mean concentrations given in the Lowry 

Landfill Superfund site background data set (605 mg/kg) (EPA, 1992) and the BGCR 

(228 mgkg) (DOE, 1 9 9 3 ~ ) .  The maximum detected creek values for OU 3 creek sediments 

(1,550 mg/kg and 4,450 mg/kg in IHSSs 200 and 201 , respectively) were also greater than 

background creek maximums (1,280 mg/kg and 1,560 mg/kg). Mean concentrations of 

manganese in OU 3 reservoir sediments were 426 mgkg and 595 mg/kg in IHSSs 200 and 

201 , respectively. Benchmark literature data were unavailable for reservoir sediment, although 

reservoir means were consistent with background means for creek sediments. 

The range of manganese concentrations for various sources is depicted in Figure 5-3. These 

sources include Superfund sites, background ranges, and the OU 3 data. Concentrations of 

manganese in OU 3 sediments are below the mean concentrations in other Superfund sites and 

are comparable to levels in stream sediments data from the BGCR (DOE, 1993~).  Additionally, 

the concentrations of manganese in OU 3 sediments are consistent; there are no apparent 

spurious data that would suggest anomalous concentrations. The purpose of using information 
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MANGANESE IN SEDIMENTS 
(mg/kg) 

SEDIMENT 
DATASET MIN MEAN MAX STDDEV SOURCWCOMMENTS 

OU 3 CK - 200 155 684 1550 526.56 Great Western Reservoir (Creek) OU 3 Database 
OU 3 LK - 200 
OU 3 CK - 201 
OU 3 LK - 201 
OU 3 CK - 202 
OU 3 LK - 202 
BGCR-stream 

Lowry 
Cherry Creek 
Clear Cr. Site' 
Warm Springs, 
PRG 

40.5 
83.5 
89.6 
238 
148 
9 

402 

170 
120 

425.91 
1706.18 
595.38 
548 

297.8 
228 

605 
739 

1370 

81 3 
4450 
2080 
1170 
925 
1280 

1560 

8000 
14300 

21 1.9 Great Western Reservoir (Lake) OU 3 Database 
1447.03 Standley Lake (Creek) OU 3 Database 
592.16 Standley Lake (Lake) OU 3 Database 
423.63 Mower Reservoir (Creek) OU 3 Database 
194.93 Mower Reservoir (Lake) OU 3 Database 

215 Background Geochemical Characterization Report (DOE, 1993c) 
Lowry Landfill Background Stream Sediment OUs 2-5 Baseline Risk Assessment 

281 (EPA, 1992) 
Cherry Creek Reservoir (CCBA, 1994) 
Clear Creek Superfund Site (CDPHE, 1990) 
Warm Springs Pond Superfund Site, Pond Bottom Sediments (EPA, 1988) 
lo6 PRG level based on a residential soil Scenario (EG&G, 1994a) 
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Notes: If blank, no data are available. 
'Indicates Superfund site. 
OU 3 CK-200 = Creek sediment data in IHSS 200. 
OU 3 LK-200 = Lake sediment data in IHSS 200. 

Figure 5-3 
MANGANESE IN SEDIMENTS 
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from contaminated sites in addition to nonimpacted sites is to place OU 3 levels in perspective 

with other investigated sites. 

One population was identified in IHSS 200 and 201 by the PROBPLOT analyses. The mean and 

median concentrations of manganese in IHSSs 200 and 201 are similar. However, the 

maximum concentration in IHSS 201 is three times higher than the maximum concentration in 

IHSS 200. This observation points to the input of Clear Creek into IHSS 201, a heavily 

mineralized drainage. Because Standley Lake receives approximately 90 percent of its water 

from Clear Creek, it is highly likely that the slightly elevated levels of manganese are 

attributable to this source (Appendix GI. 

Spatially, there were no discernible patterns in OU 3 sediments, despite the high variability of 

manganese concentrations, thus indicating a natural population. The maps show that the 

manganese concentrations tend to be randomly distributed along the shoreline, in the streams, 

and in the middle areas of the reservoir (Appendix F). 

Concentration-depth profiles were analyzed for the deepest cores in each IHSS (see Figure 5-41. 

Manganese concentrations appear to be consistent throughout the depth of the core, with no 

trends or obvious data spikes indicating contamination. 

Based on the comparison of data sets, the PROBPLOT analysis, the lack of discernible spatial 

trends, and the core profiles, it has been determined that manganese concentrations in the 

reservoir and creek sediments are not significantly above background; therefore, manganese 

has been eliminated as a COC in IHSSs 200 and 201, This conclusion is supported by the 

Phase 1 Health Studies, which did not identify manganese as a material of concern (CDPHE, 

1991 b). 

5.6.1.4 Uraniumn6 

Uranium236 was screened out as a COC in IHSS 202 by the PRG screen. Mean activities of 236U 

in OU 3 creek sediment (0.07 pCi/g and 0.08 pCi/g in IHSSs 200 and 201, respectively) were 

less than the mean plus two standard deviations 10.16 pCi/g) as given in the BGCR (DOE, 
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1993~). No data were available from the Lowry Landfill Superfund site background data set 

(EPA, 1992) for 236U. The maximum detected values in OU 3 creek sediments (0.2 pCi/g in 

both IHSSs 200 and 201, respectively) were consistent with the maximum background values 

for creek sediments. Mean activities in OU 3 reservoir sediments were 0.07 pCVg and 

0.05 pCi/g in IHSSs 200 and 201, respectively. Benchmark literature data were only available 

for.total uranium, and ranged from 0.9 to 226.4 pCi/g. Mean activities of 236U in OU 3 

reservoir sediments fell within this range. Mean activities in reservoir sediment were consistent 

with the background mean (0.06 pCi/g) in IHSS 201 and below the background mean in 

IHSS 200. Because only total uranium activities were available for reservoir sediments, and 

overall data sets were few in number, a figure depicting 236U activity ranges was not generated. 

Based on the PROBPLOT analysis, one population was identified in each of the three IHSSs. 

With the exception of the single sample in IHSS 200 that exceeded the 95th percentile, the 

236U activities at  OU 3 represent a single site-specific background population. The sample 

location (SED066921 also showed exceedances of the 95th percentile for 233U and 238U, 

suggesting that the area around SED06692 may represent natural uranium mineralization. A 

single population is indicated based on means, medians, and maximum values (Appendix GI. 

Spatially, there were no discernible patterns in OU 3 sediments, despite the high variability of 

236U activities, thus indicating a natural population. The maps show that the 236U 

concentrations tend to be randomly distributed along the shoreline, in the streams, and in the 

middle areas of, the reservoir (Appendix F). 

Based on the comparison to background, the PROBPLOT analysis, and the lack of discernible 

spatial trends, it has been determined that 236U activities in OU 3 sediments are not significantly 

above background levels; therefore, 236U has been eliminated as a COC in IHSSs 200 and 201. 
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5.6.2 Weightsf-Evidence Evaluations for Chemicals Without Toxicity Factors (Surface 

Sediments) 

5.6.2.1 Aluminum 

Mean aluminum concentrations in OU 3 creek sediment (8,234 mg/kg, 8,031 mg/kg, and 

11,228 mg/kg in IHSSs 200, 201, and 202, respectively) were less than the mean plus two 

standard deviations (1 5,714 mg/kg) given in the BGCR (DOE, 1993~) and below the Lowry 

Landfill Superfund site background mean (1 3,959 mg/kg) (EPA, 1992). Maximum 

concentrations in OU 3 creek sediments in IHSSs 200 and 202 (13,800 mg/kg and 

1 5,200 mg/kg, respectively) were less than the maximum concentration (25,200 mg/kg) given 

in the BGCR (DOE, 1993~) and the Lowry Landfill Superfund site background maximum 

concentration (32,100 mg/kg) (EPA, 1992). The maximum detected value in IHSS 201 was 

33,200 mg/kg at sample location SED00992; the next highest value in IHSS 201 was 

12,800 mg/kg. No elevated values were seen around sample location SED00992. Mean 

concentiations in OU 3 reservoir sediments were 10,911 mg/kg, 9,835 mg/kg, and 

14,370 mg/kg in IHSSs 200, 201, and 202, respectively. The maximum concentrations of 

aluminum in surface sediments were less than Cherry Creek Reservoir (96,700 mg/kg), the only 

available reservoir benchmark data set. Reservoir means were less than or similar to the 

available background creek data. Maximum concentrations of aluminum in OU 3 reservoir 

sediments (20,800 mg/kg, 23,500 mg/kg, and 18,300 mg/kg in IHSSs 200, 201, and 202, 

respectively) were less than the maximum concentrations given in the BGCR (DOE, 1993~1, 

The range of aluminum concentrations for various sources is depicted in Figure 5-5. These 

sources include Superfund sites, background ranges, benchmark literature ranges, and OU 3 
data. OU 3 aluminum levels appear to be comparable to background levels. Additionally, the 

concentrations of aluminum in OU 3 sediments are consistent; there are no apparent spurious 

data that would suggest anomalous concentrations. The purpose of using information from 

contaminated sites in addition to nonimpacted sites is to place OU 3 levels in perspective with 

other investigated sites. 
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ALUMINUM IN SEDIMENTS 
(mg/kg) 

SEDIMENT 
DATASET MIN MEAN MAX STDDEV SOURCWCOMMENTS 

OU 3 CK - 200 2220 8234 13800 384.8 Great Western Reservoir (Creek) OU 3 Database 
OU 3 LK - 200 
OU 3 CK - 201 
OU 3 LK - 201 
OU 3 CK - 202 
OU 3 LK - 202 
BGCR-stream 
Lowry 

Cherry Creek 
Clear Cr. site' 

4530 10911 
1900 8031 
852 9835 
9110 11228 
7480 14370 
549 5888 
1105 13959 

96700 
84 

20800 4212 
33200 7958 
23500 6623 
15200 2718 
18300 3096 
25200 4913 
32100 7081 

8400 

Great Western Reservoir (Lake) OU 3 Database 
Standley Lake (Creek) OU 3 Database 
Standley Lake (Lake) OU 3 Database 
Mower Reservoir (Creek) OU 3 Database 
Mower Reservoir (Lake) OU 3 Database 
Background Geochemical Characterization Report (DOE, 1993c) 
Lowry Landfill Background Stream Sediment OUs 2-5 Baseline Risk 
Assessment (EPA, 1992) 
Cherry Creek Reservoir (CCBA, 1994) 
Clear Creek Superfund Site (CDPHE, 1990) 
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Notes: If blank, m data are available. 
'Indicates Superfund site. 
OU 3 CK-200 = Creek sediment data in IHSS 200. 
OU 3 LK-200 = Lake sediment data in IHSS 200. 

Figure 5-5 
ALUMINUM IN SEDIMENTS 
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Based on the PROBPLOT analyses, one population was identified in IHSS 200 and 201. Two 

populations were noted in IHSS 202. The two populations in IHSS 202 are most likely the 

result of natural physical processes occurring in the reservoir. Because the concentration data 

within IHSS 202 are similar to the data in IHSS 200 and 201, it is most probable that the 

aluminum concentrations in IHSS 202 sediments represent natural variability within background 

levels (Appendix G). 

Spatially, there were no discernible patterns in OU 3 sediments, despite the high variability of 

aluminum concentrations, thus indicating a natural population. Hem stated that "Aluminum is 

the third most abundant element in the earth's outer crust ..." and that "Aluminum occurs in 

substantial amounts in many silicate igneous rock minerals ..." (Hem, 1985). The maps show 

that the aluminum concentrations tend to be randomly distributed along the shoreline, in the 

streams, and in the middle areas of the reservoir (Appendix F). 

Based on the similarity of the data sets, the PROBPLOT analysis, and the lack of discernible a 
spatial trends, it has been determined that aluminum concentrations in OU 3 sediments are not 

significantly above background; therefore, aluminum has been eliminated as a COC in all three 

IHSSs. This conclusion is supported by the Phase 1 Health Studies, which did not identify 

aluminum as a material of concern (CDPHE, 1991b). 

5.6.2.2 Cesium 

Cesium was not listed as an analyte in the OU 3 workplan (DOE, 1992) and was used to meet 

data quality objectives in a sediment age-dating task. However, cesium is evaluated in this 

subsection because of the availability of useable data. Cesium was not detected in creek 

sediment in IHSS 200. Mean concentrations of cesium in OU 3 creek sediments were 

40.9 mg/kg and 33.1 mg/kg in IHSSs 201 and 202, respectively. These values were less than 

the mean given in the BGCR (DOE, 1993c) - 69.3 mg/kg. The maximum detected cesium 

concentrations in IHSSs 201 and 202 (1 9.9 mg/kg and 2.0 rng/kg, respectively) were less than 

the creek maximum (1 57 mg/kg). No data for cesium were available from the Lowry Landfill 

Superfund site background data set (EPA, 1992). It is interesting that the mean concentrations 

are higher than the maximum concentrations in OU 3 sediments for cesium. This is an artifact 
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of how the mean concentrations were calculated. One-half of the reported values for non- 

detects were averaged with all detects. Because cesium has several high non-detects, the 

calculated mean is higher than the maximum detected concentrations. Mean concentrations of 

cesium in OU 3 reservoir sediments were 36.0 mg/kg and 14.7 mg/kg in IHSSs 200 and 202, 

respectively. Cesium was not detected in reservoir sediments in IHSS 201. Reservoir 

benchmark literature data were unavailable for cesium. Mean concentrations of cesium in OU 3 

reservoir sediments were below the mean given in the BGCR (DOE, 1993~).  Maximum 

concentrations of cesium in OU 3 reservoir sediments in IHSSs 200 and 202 (29.7 mg/kg and 

69.8 mgkg, respectively) were below the maximum given in the BGCR (DOE, 1993~). 

Because of low mean concentrations, a figure depicting cesium ranges for various sources was 

not generated. 

Spatially, there were no discernible patterns in OU 3 sediments, despite the high variability of 

cesium concentrations, thus indicating a natural population. The maps show that the cesium 

concentrations tend to be randomly distributed along the shoreline, in the streams, and in the 

middle areas of the reservoir (Appendix F). 

Based on the similarity of the data sets and the lack of discernible spatial trends, it has been 

determined that cesium concentrations in OU 3 sediments are not significantly above 

background; therefore, cesium has been eliminated as a COC for all three IHSSs. This 

conclusion is supported by the Phase 1 Health Studies, which did not identify cesium as a 

material of concern (CDPHE, 1991 b). 

5.6.2.3 Cobalt 

Mean concentrations of cobalt in OU 3 creek sediments (1 1.3 mg/kg, 7.9 mg/kg, and 

7.8 mg/kg in IHSSs 200, 201, and 202, respectively) were less than the mean plus two 

standard deviations (1 1.6 mg/kg) given in the BGCR (DOE, 1993c) or the Lowry Landfill 

Superfund site background mean (9.2 mg/kg) (EPA, 1992). OU 3 maximum concentrations 

(23.3 mg/kg, 10.9 mgkg, and 9.6 mg/kg in IHSSs 200, 201, and 202, respectively) were 

similar to the maximum concentration (1 5 mg/kg) reported in the BGCR (DOE, 1993~)  and the 

maximum concentration (14 mg/kg) reported in the Lowry Landfill Superfund site background 
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data set (EPA, 1992). Mean concentrations of cobalt in OU 3 reservoir sediments (8.7 mg/kg, 

7.1 mg/kg, and 8.4 mg/kg in IHSSs 200, 201, and 202, respectively) were less than the mean 

concentration of cobalt (2 1.3 mg/kg) in Cherry Creek Reservoir, the only available reservoir 

benchmark literature data set. Mean concentrations of cobalt in OU 3 reservoir sediments were 

less than the Lowry Landfill Superfund site background mean (9.2 mg/kg) (EPA, 19921 and less 

than the mean plus two standard deviations (1 1.6 mg/kg) given in the BGCR (DOE, 1993~).  

Mean concentrations of cobalt in OU 3 reservoir sediments were lower than or similar to the 

available background creek data. Maximum concentrations of cobalt in OU 3 reservoir 

sediments (1 3.5 mg/kg, 13.2 mg/kg, and 15.3 mg/kg in IHSSs 200, 201, and 202, 

respectively) were less than or similar to the background creek maximums. 

The range of cobalt concentrations for various sources is depicted in Figure 5-6. These sources 

include background ranges and OU 3 data. OU 3 cobalt levels fall within range of the 

background sources. Additionally, the concentrations of cobalt in OU 3 sediments are 

consistent; there are no apparent spurious data that would suggest anomalous concentrations. 

Based on the PROBPLOT analysis, one population was identified for cobalt in each IHSS. 

Cobalt concentrations are relatively the same as nickel (screened out by the concentration- 

toxicity step9 concentrations in sediments (Deer et al., 1971). This close association is retained 

in OU 3 sediments and suggests that the cobalt population is naturally occurring (Appendix GI. 

Spatially, there were no discernible patterns in OU 3 sediments, despite the high variability of 

cobalt concentrations, thus indicating a natural population. The maps show that the cobalt 

concentrations tend to be randomly distributed along the shoreline, in the streams, and in the 

middle areas of the reservoir (Appendix F). 

Based on the similarity of the data sets, the PROBPLOT analysis, and the lack of discernible 

spatial trends, it has been determined that cobalt concentrations in OU 3 sediments are not 

significantly above background; therefore, cobalt has been eliminated as a COC for all three 

IHSSs. This conclusion is supported by the Phase 1 Health Studies, which did not identify 

cobalt as a material of concern (CDPHE, 1991 b). 
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5.6.2.4 Lead 

Mean concentrations of lead in OU 3 creek sediments (18.5 mg/kg, 38.5 mg/kg, 16.8 mg/kg in 

IHSSs 200, 201 and 202, respectively) were less than the mean plus two standard deviations 

as given in the BGCR (DOE, 1993~) and the background data set from the Lowry Landfill 

Superfund site (91 mg/kg and 162 mg/kg, respectively) (EPA, 1 992). The maximum 

concentrations in OU 3 creek sediments (36.2 mg/kg, 91.4 mg/kg and 21.6 mg/kg in IHSSs 

200, 201, and 202, respectively) were less than the maximum concentrations given in the 

BGCR (DOE, 1993~)  and the background data set from the Lowry Landfill Superfund site 

(244 mg/kg and 380 mg/kg, respectively) (EPA, 1992). Mean concentrations of lead in OU 3 

reservoir sediments were 31.4 mg/kg, 63.8 mg/kg, and 30.0 mg/kg in IHSSs 200, 201, and 

202, respectively. Means in IHSSs 200 and 202 were less than Rocky Mountain National Park 

reservoir sediment means (14 mg/kg to 43 mg/kg) and Cherry Creek reservoir (55 mg/kg). 

One anomalous reservoir sediment value for lead was approximately two-thirds greater than the 

next highest value. This location (SED095921 was sampled on two other dates. Results for 

SED09592 were 24.9 mg/kg, 36.6 mg/kg, and 31 7 mg/kg. Without the outlier of 31 7 mg/kg, 

the reservoir sediment mean in IHSS 201 was 57.7 mg/kg, similar to the mean in Cherry Creek 

Reservoir. 

The range of lead concentrations for various sources is depicted in Figure 5-7. These sources 

include Superfund sites, industrial sites, background ranges, benchmark literature ranges, and 

the OU 3 data. Concentrations of lead in OU 3 sediments are below the mean concentrations 

in other Superfund sites and are comparable to background levels. Additionally, the 

concentrations of lead in OU 3 sediments are consistent; there are no apparent spurious data 

that would suggest anomalous concentrations. The purpose of using information from 

contaminated sites in addition to nonimpacted sites is to place OU 3 levels in perspective with 

other investigated sites. 

One population was identified based on the PROBPLOT analysis in each of the three IHSSs. 

The maximum concentration of lead occurs in IHSS 201. This maximum may be attributable to 

the mining wastes originating upstream in Clear Creek, which is additionally a partial source for 
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LEAD IN SEDIMENTS 
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Standley Lake (Creek) OU 3 Database 
Standley Lake (Lake) OU 3 Database 
Mower Reservoir (Creek) OU 3 Database 
Mower Reservoir (Lake) OU 3 Database 
Background Geochemical Characterization Report (DOE, 19934 
Rocky Mountain National Park Lake Surface Sediment (Heit et al., 1984) 
Rocky Mountain National Park Lake Surface Sediment (Heit et al., 1984) 
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Cheny Creek Reservoir Surface Sediment (CCBA, 1994) 
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Clear Creek Superfund Sie (CDPHE, 1990) 
Warm Springs Pond Superfund Sie (Range) (EPA, 1988) 
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0 

Data 
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Notes: If blank, no data are available. 
*Indiies Superhrnd site. 

OU 3 CK-200 = Creek sediment data in IHSS 200. 

OU 3 LK-200 = Lake sediment data in IHSS 200. 

Figure 5-7 
LEAD IN SEDIMENTS 
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IHSS 200. Only one sample exceeded the 95th percentile as defined by PROBPLOT. This 

sample is located in the deepest portion of the reservoir and suggests natural accumulation of 

fine-grained material. Contamination is not indicated because metals adsorb more readily to 

finer-grained material (Davis and Kent, 1990; Pankow, 1991 1 (Appendix GI. 

Spatially, there were no discernible patterns in OU 3 sediments, despite the high variability of 

lead concentrations, thus indicating a natural population. The maps show that the lead 

concentrations tend to be randomly distributed along the shoreline, in the streams, and in the 

middle areas of the reservoir (Appendix F). 

Based on the similarity of the data sets, PROBPLOT analysis, and no discernible spatial trends, 

it has been determined that lead is not significantly above background; therefore, lead has been 

eliminated as a COC for all three IHSSs. 

5.6.2.5 Lithium 

Mean lithium concentrations in OU 3 creek sediment (6.7 mg/kg, 8.2 mg/kg, 9.5 mg/kg in 

IHSSs 200, 201 and 202, respectively) were less than mean plus two standard deviations 

(18 mgkg) in the BGCR (DOE, 1993~). No data were available for lithium in the Lowry Landfill 

Superfund site background data set (EPA, 1992). The maximum detected creek values in 

IHSSs 200 and 202 (1 1.5 mg/kg and 16.2 mg/kg) were less than the creek maximum 

(20.2 mgkg). The maximum value in IHSS 201 (34.6 mg/kg) at  sample location SED00992 

was approximately three times the next highest reported value (1 3.1 mg/kg). This maximum 

appears to be an outlier, because concentrations near SED00992 were not elevated. OU 3 

reservoir sediment means were 9.0 mg/kg, 7.5 mg/kg, and 11 .O mg/kg in IHSSs 200, 201, and 

202, respectively. Reservoir benchmark literature data were unavailable for lithium. OU 3 

reservoir sediment lithium means were less than the mean plus two standard deviations as 

given in the BGCR (DOE, 1993~).  OU 3 reservoir maximums (17.6 mg/kg, 17.1 mg/kg, 

13.9 mg/kg) were below the background creek maximum. 

The range of lithium concentrations for various sources is depicted in Figure 5-8. These 

sources include the BGCR data (DOE, 1993c) and OU 3 data. Concentrations of lithium in 
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LITHIUM IN SEDIMENTS 
(mg/kg) 

SEDIMENT 
DATASET MIN MEAN MAX STDDEV SOURCEKOMMENTS 

OU3CK-200 1.8 6.7 11.5 3.2 Great Western Reservoir (Creek) OU 3 Database 
OU 3 LK - 200 3.1 9 17.6 3.1 Great Western Reservoir (Lake) OU 3 Database 
OU 3 CK-201 2.1 8.2 34.6 8.3 Standley Lake (Creek) OU 3 Database 
OU 3 LK- 201 0.5 7.5 17.1 4.8 Standley Lake (Lake) OU 3 Database 
OU 3 CK - 202 7.1 9.5 16.2 4.5 Mower Reservoir (Creek) OU 3 Database 
OU3LK-202 7 11 13.9 2.4 Mower Reservoir (Lake) OU 3 Database 
BGCR-stream 1.5 7.5 20.2 5.3 Background Geochemical Characterization Report (DOE, 199%) 
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Notes: If blank, no data are available. 
OU 3 CK-200 = Creek sediment data in IHSS 200. 
OU 3 LK-200 = Lake sediment data in IHSS 200. 

Figure 5-8 
LITHIUM IN SEDIMENTS 
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OU 3 sediments are consistent with the mean concentration reported in the BGCR (DOE, 
1 993c). 

Based on the PROBPLOT analyses, there appears to be only one population for each of the 

three IHSSs, suggesting a common background population. Similar to other metals, the 

maximum lithium concentration is highest in IHSS 201. This may be attributable to the highly 

mineralized sediments feeding IHSS 201 from Clear Creek (Appendix GI. 

Spatially, there were no discernible patterns in OU 3 sediments, despite the high variability of 

lithium concentrations, thus indicating a natural population. The maps show that the lithium 

concentrations tend to be randomly distributed along the shoreline, in the streams, and in the 

middle areas of the reservoir (Appendix F). 

Based on the similarity of the data sets, the PROBPLOT analysis, and the lack of discernible 

spatial trends, it has been determined that lithium concentrations in OU 3 sediments are not 

significantly above background; therefore, lithium has been eliminated as a COC in all three 

IHSSs. This conclusion is supported by the Phase 1 Health Studies, which did not identify 

lithium as a material of concern (CDPHE, 1991 b). 

5.6.2.6 Silicon 

Mean concentrations of silicon in IHSS 200 (459 mg/kg) were less than the mean plus two 

standard deviations (1,057 mg/kg) given in the BGCR (DOE, 1993~).  The maximum 

concentration of silicon (1,450 mg/kg) given in the BGCR (DOE, 19934 was greater than the 

maximum detected concentration in IHSS 200 (1,020 mg/kg). No data were available for 

silicon in the Lowry Landfill Superfund site background data set (EPA, 1992). Mean and 

maximum concentrations of silicon in IHSS 201 (1 , 168 mg/kg and 3,290 mg/kg, respectively) 

were slightly higher than the concentrations given in the BGCR (DOE, 1993~).  This maximum 

concentration of 3,290 mg/kg in IHSS 201 was more than twice the next highest value 

(1,590 mg/kg). Only one sample was taken in creek sediments in IHSS 202 (41 2 mg/kg), 

which was less than the mean plus two standard deviations (1,057 mg/kg) given in the BGCR 

(DOE, 1993~).  Mean concentrations of silicon in OU 3 reservoir sediments were 238 mgkg 
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and 197 mg/kg in IHSSs 200 and 201, respectively. Silicon was not analyzed for in reservoir 

sediments in IHSS 202. No reservoir benchmark data were available for comparison. Mean 

concentrations of silicon in OU 3 reservoir sediments were lower than the available background 

creek data. Maximum concentrations in OU 3 reservoir sediments (650 mg/kg and 396 mg/kg 

in IHSSs 200 and 201, respectively) were less than the available background creek data. 

The range of silicon concentrations for various sources is depicted in Figure 5-9. These sources 

include the BGCR (DOE, 1993c) data and OU 3 data. OU 3 silicon levels are within the range 

of the BGCR (DOE, 1993c) data. Additionally, the concentrations of silica in OU 3 sediments 

are consistent; there are no apparent spurious data that would suggest anomalous 

concentrations. The maximum concentration in creek sediment in IHSS 201 appears to be an 

outlier. The next highest value in creek sediment in IHSS 201 is comparable to the BGCR 

(DOE, 1 9 9 3 ~ )  maximum. 

In IHSSs 200 and 201, one population was identified based on the probability plots. As 

mentioned above, only one sample was analyzed for in IHSS 202; therefore, no PROBPLOT 

analysis was performed. Considering the abundance of silica in quartz and other minerals 

contained in sediments, silica concentrations in OU 3 sediments are low. The maximum 

concentrations of silicon are less than 1 percent compared to an average crustal abundance of 

approximately 28 percent (ref). 

Spatially, there were no discernible patterns in OU 3 sediments, despite the high variability of 

silicon concentrations, thus indicating a natural population. The maps show that the silica 

concentrations tend to be randomly distributed along the shoreline, in the streams, and in the 

middle areas of the reservoir (Appendix F1. 

Based on the similarity of the data sets, the nontoxic effects, the PROBPLOT analysis, and the 

lack of discernible spatial trends, it has been determined that silicon is not significantly above 

background and has been eliminated as a COC for all three IHSSs. This conclusion is supported 

by the Phase 1 Health Studies, which did not identify silicon as a material of concern (CDPHE, 

1991 b). 
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e SILICON IN SEDIMENTS 
(m?ml) 

SEDIMENT 
DATA SET MIN MEAN MAX STDDEV SOURCE 

OU 3 CK - 200 128 459 1020 365 Great Western Reservoir (Creek) OU 3 Database 
OU 3 LK - 200 115 238 650 125 Great Western Reservoir (Lake) OU 3 Database 
OU 3 CK - 201 281 1168 3290 937 Standley Lake (Creek) OU 3 Database 
OU 3 LK - 201 a2 1 97 396 79 Standley Lake (Lake) OU 3 Database 
OU 3 CK - 202 41 2 412 412 Mower Reservoir (Creek) OU 3 Database 
BGCR-stream 48 332 1450 362 Background Geochemical Characterization Report (DOE, 19934 

Silicon in Sediments 

3500 

Data 

Notes: If blank, no data are available. 
OU 3 CK-200 = Creek sediment data in IHSS 200. 
OU 3 LK-200 = Lake sediment data in IHSS 200. 

Figure 5-9 
SILICON IN SEDIMENTS 
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5.6.2.7 Thallium 

Because a PRG was unavailable for comparison, thallium is being discussed in this section. 

Thallium was not detected in creek sediments in IHSS 200, nor in reservoir sediments in IHSSs 

201 and 202. Detection frequencies in the remaining subsets (creek sediments in IHSSs 201 

and 202, and reservoir sediments in IHSS 200) were low (14, 25, and 3, respectively). 

Mean concentrations of thallium in OU 3 creek sediments (0.3 mg/kg and 0.2 mg/kg in IHSSs 

201 and 202, respectively) and maximum concentrations (0.4 mg/kg and 0.3 mg/kg in IHSSs 

201 and 202, respectively) were consistent with the mean and maximum given in the BGCR 

(mean = 0.3 mgkg, maximum = 0.4 mg/kg) (DOE, 1993~) .  OU 3 means and maximums 

were less than those given in the Lowry Landfill Superfund site background data set (mean = 

1.6 mg/kg and maximum = 3.7 mg/kg) (EPA, 1992). For 36 samples in IHSS 201, there was 

only one detection in reservoir sediment at location SED1 3592. Spatial analysis of IHSS 200 

did not show elevated values around that sample point. Because of the low detection 

frequencies and the low mean concentrations, a figure depicting thallium ranges for various 

sources was not generated. 

Spatially, there were no discernible patterns in OU 3 sediments, despite the high variability of 

thallium concentrations, thus indicating a natural population. The maps show that the thallium 

concentrations tend to be randomly distributed along the shoreline, in the streams, and in the 

middle areas of the reservoir (Appendix F). 

Based on the comparison of the data sets, the single detect in reservoir sediment, and the lack 

of discernible spatial trends, it has been determined that thallium concentrations in the creek 

and reservoir sediments from OU 3 are not significantly above background; therefore, thallium 

has bee'n eliminated as a COC for all three IHSSs. This conclusion is supported by the Phase 1 

Health Studies, which did not identify thallium as a material of concern (CDPHE, 1991 b). 
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5.6.3 Weight-of-Evidence Evaluations for Chemicals Without Toxicity Factors (Subsurface 

Sediments) 

5.6.3.1 Aluminum 

Mean aluminum concentrations in IHSS 200 subsurface sediments (1 3,894 mg/kg) were less 

than the mean plus two standard deviations (15,714 mg/kg) given in the BGCR (DOE, 1993~)  

and slightly below the Lowry Landfill Superfund site background mean (1 3,959 mg/kg) (EPA, 

1992). Maximum concentrations in IHSS 200 subsurface sediments (26,100 mg/kg) were 

slightly higher than the maximum concentration (25,200 mg/kg) given in the BGCR (DOE, 

1 993c), but less than the Lowry Landfill Superfund site background maximum concentration 

(32,100 mg/kg) (EPA, 1992). Maximum concentration of aluminum in IHSS 200 reservoir 

subsurface sediments (26,100 mg/kg) were also less than Cherry Creek Reservoir surface 

sediments (96,700 mg/kg), the only available benchmark data set with concentrations 

measured in a reservoir. No benchmark data sets with subsurface-sediment data for reservoirs 

were available for comparison. 

Based on the similarity of the data sets, it has been determined that aluminum concentrations 

in IHSS 200 subsurface sediments are not significantly above background; therefore, aluminum 

has been eliminated as a COC. This conclusion is supported by the Phase 1 Health Studies, 

which did not identify aluminum as a material of concern (CDPHE, 1991 b). 

5.6.3.2 Cesium 

The mean concentration of cesium in IHSS 200 reservoir subsurface sediments was 

16.7 mg/kg. This value was less than the mean given in the BGCR (DOE, 1 9 9 3 ~ )  

(69.3 mg/kg). The maximum detected cesium concentration in IHSS 200 (39.2 mg/kg) was 

less than the creek maximum (1 57 mg/kg) given in the BGCR (DOE, 1993~) .  No data for 

cesium were available from the Lowry Landfill Superfund site background data set (EPA, 1992). 

No benchmark reservoir subsurface sediment data were available for comparisons. 
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Based on the similarity of the data sets, it has been determined that cesium concentrations in 

IHSS 200 subsurface sediments are not significantly above background; therefore, cesium has 

been eliminated as a COC. This conclusion is supported by the Phase 1 Health Studies, which 

did not identify cesium as a material of concern (CDPHE, 1991 b). 

5.6.3.3 Cobalt 

The mean concentration of cobalt in IHSS 200 reservoir subsurface sediments (9.4 mg/kg) was 

less than the mean plus two standard deviations (1 1.6 mg/kg) given in the BGCR (DOE, 19.93~) 

and the Lowry Landfill Superfund site background mean (14.9 mg/kg) (EPA, 1992). The 

maximum concentration (1 2.2 mg/kg) was less than the maximum concentration (1 5 mg/kg) 

reported in the BGCR (DOE, 1 9 9 3 ~ )  and the maximum concentration (1 4 mg/kg) reported in the 

Lowry Landfill Superfund site background data set (EPA, 1992). The mean concentration of 

cobalt in IHSS 200 reservoir subsurface sediment (9.47 mg/kg) was less than the mean 

concentration of cobalt (21.3 mg/kg) in Cherry Creek Reservoir, the only available reservoir 

benchmark literature data set. 

e 
Based on the similarity of the data sets, it has been determined that cobalt concentrations in 

IHSS 200 reservoir subsurface sediments are not significantly above background; therefore, 

cobalt has been eliminated as a COC. This conclusion is supported by the Phase 1 Health 

Studies, which did not identify cobalt as a material of concern (CDPHE, 1991 b). 

5.6.3.4 Lead 

The mean Concentration of lead in IHSS 200 reservoir subsurface sediment (47.2 mg/kg) was 

less than the mean plus two standard deviations as given in the BGCR (DOE, 1 9 9 3 ~ )  and the 

background data set from the Lowry Landfill Superfund site (95.6 mg/kg and 162 mg/kg, 

respectively) (EPA, 1 992). The maximum concentration in IHSS 200 reservoir subsurface 

sediments (1 26.0 mg/kg) was less than the maximum concentrations given in the BGCR (DOE, 

1 9 9 3 ~ )  and the background data set from the Lowry Landfill Superfund site (244 mg/kg and 

380 mg/kg, respectively) (EPA, 1992). The mean concentration of lead in IHSS 200 reservoir 
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subsurface sediment (47.2 mgkg), however, was greater than the mean (1 3.7 mgkg) reported 

for Rocky Mountain National Park reservoir subsurface sediments. 

Based on the similarity of the data sets, it has been determined that lead is not significantly 

above background and has been eliminated as a COC. 

5.6.3.5 Lithium 

The mean lithium concentration in IHSS 200 reservoir subsurface sediment (1 1.7 mg/kg) was 

less than the mean plus two standard deviations (1 8 mg/kg) in the BGCR (DOE, 1993~). No 

data were available for lithium in the Lowry Landfill Superfund site background data set (EPA, 

1992). The maximum detected reservoir subsurface sediment value in IHSS 200 (1 9.6 mg/kgl 

was less than the creek maximum (20.2 mg/kg) as given in the BGCR (DOE, 1993~) .  Reservoir 

benchmark literature data were unavailable for lithium. 

Based on the similarity of the data sets, it has been determined that lithium concentrations in 

IHSS 200 subsurface sediments are not significantly above background; therefore, lithium has 

been eliminated as a COC. This conclusion is supported by the Phase 1 Health Studies, which 

did not identify lithium as a material of concern (CDPHE, 1991 b). 

5.7 CHEMICALS OF CONCERN 

Based on the COC selection process, 238’240Pu is a COC in IHSS 200 for surface sediments. 

There are no COCs for subsurface sediments in IHSS 200 or surface sediments for IHSSs 201 

and 202. 
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6.0 CHEMICALS OF CONCERN IN SURFACE WATER 

6.1 INTRODUCTION 

The surface-water investigation consisted of the sampling and analysis of water from the 

creekddrainages (Walnut Creek, Woman Creek, Dry Creek Valley Ditch, Church Ditch, Coal 

Creek, and Big Dry Creek) and reservoirs (Standley Lake, Great Western Reservoir, and Mower 

Reservoir) in OU 3. A total of 52 surface-water samples (excluding quality-control samples) 

were collected from 33 sample locations. The purpose of the surface-water sampling and 

subsequent chemical analysis was to  characterize radionuclides and metals contained within the 

creekddrainages and resetvoirs in OU 3. 

The steps that were followed in the COC selection process for surface water considered 

elimination of essential nutrients, elimination of chemicals infrequently detected, a 

concentration-toxicity screen, comparison to PRGs, and weight-of-evidence evaluations (as 

described in Subsection 3.7). Statistical comparison tests using the guidance developed by 

Gilbert (EG&G, 1994a) were not performed for surface water because of insufficient sample 

size and lack of a comparable background data set. The chemicals analyzed in surface water 

that were later eliminated during each step in the COC process for each IHSS are summarized 

in Table 6-1. Based on this COC selection process and the weight-of-evidence evaluation, 

there are no COCs for surface water. The elimination of water-quality parameters and essential 

nutrients was discussed in Subsections 2.7 and 3.2, respectively. The remainder of the COC 

selection steps are described in the following subsections. 

6.2 DATA EVALUATION 

The surface-water samples were analyzed for dissolved and total radionuclides, dissolved and 

total metals, atrazine, simazine, and water-quality parameters. VOCs were analyzed only at  

Mower Reservoir. In addition, several samples in IHSS 200 were also analyzed for various 

tripesticides (1 0 pesticides, including atrazine and simazine). 
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COCs Zero Detections 

lickel 
I n  

IHSS 200 - Greai 
Arsenic 
Beryllium 
Manganese 
Cadmium 
Molybdenum 
Barium 
Vanadium 
Chromium 
zinc 

Strontium 
Tritium 

Copper 

-*pu 
-U 
=U 
=U 
"'Am 

Antimony 
Cyanide 
Mercury 
Selenium 
Silver 
Thallium 
Atrazine 
Simazine 
Tripesticidesd 

lestern Reservoir 
IA 

IHSS 201 - Stanc 
Antimony 

Calcium 
Magnesium 
Iron 
Sodium 
Potassium 

ABWlic 
Beryllium 
Cadmium 
Cesium 
Silver 
Thallium 
Tin 
Vanadium 
Atrazine 
Simazine 

aarium Manganese 
Zinc Mercury 
Shromiurn Nickel 

StrOntiUm Cyanide 
copper Molybdenum 

Selenium 
-U 

=U 
='Am 
-aPu 

TABLE 6-1 

None Lead 
Lithium 
Silicon 

Aluminum 
coban 

COC SELECTION PROCESS RESULTS. FOR SURFACE WATERb 
(Chemicals are shown below the step by which they were eliminated as a COC) 

IA Calcium 
Magnesium 
Iron 
Sodium 
Potassium 

None 

7he COC selection process is discussed in Section 3.0. 
%tal metals and total radionuclides (unfiltered). 
'Chemicals without toxicity factors are ekluated using the weightofevidence evaluation. 
bTripesticides-Ametryn, atraton, prometon, promettyn, propezine, simettyn. terbuthylazine, and terbuttyn. 
VOAs = Volatile organic analyses; see Table 6 2  for complete list of analytes. 
NA = Not applicable. 

- 
None 
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Camparison Nutrients Frequency Concentration- Evidence ToricitY 
Zero Detections Tests Screen Screen Toxicity Screen PRG Screen Evaluation FadoP 

NmContrdled Document 

COCs 

TABLE 6-1 

Beryllium 
cobalt 
Selenium 
Silver 
Thallium 
Cyanide 
Atrazine 
Simazine 
VOAs' 

coc SELECTION PROCESS RESULTS' FOR SURFACE  WATER^ 
(Chemicals are shown below the step by which they were eliminated as a COC) 

Magnesium Copper Manganese Cesium 
lrOn Zinc Cadmium Lead 
Sodium Tin Molybdenum Lithium 
Potassium Barium Silicon 

Vanadium 
Chromium 
Mercury 
Nickel 
2JM'OPU 
-U 

'''Am 

None 
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A summary of the data for OU 3 surface water for each IHSS is presented in Appendix C, 
which includes a summary for all the analyses performed for surface water. IHSS summary 

statistics (number of detects, number of samples, frequency of detection, minimum nondetect, 

maximum nondetect, minimum detect, maximum detect, arithmetic mean, geometric mean, 

standard deviation, normal upper 95 percent confidence limit, and lognormal upper 95 percent 

confidence limit) are presented in Tables C-9 through C-13. 

The COC selection process for surface water focused on total metals and total radionuclides 

(rather than dissolved analytes) because the results of the total analyses (Le., unfiltered 

samples) are representative of human exposure to unfiltered surface water. Generally, 

concentrations of total constituents are greater than the corresponding filtered (dissolved) 

constituents because they include both the suspended and dissolved fraction of the analyte 

measured. Therefore, this is a conservative approach. Water-quality parameters are not carried 

through the COC selection process for surface water. The filtered (dissolved) analyses and 

water-quality parameters will be discussed in the nature-and-extent discussion in the RFI/RI 

Report and are included in the summary statistics tables in Appendix C. The following 

subsections describe the results of the COC selection process. 

6.3 DETECTION FREQUENCY 

The COC selection process eliminates chemicals that are not detected in a given medium. 

Chemicals that were not detected in each surface-water IHSS are summarized in Table 6-1. In 

IHSS 200, 6 metals and 10 tripesticides (atrazine, simazine, ametryn, atraton, prometon, 

prometryn, propazine, simetryn, terbuthylazine, and terbutryn) were not detected and therefore 

were eliminated. In IHSS 201 and 202, six and seven metals, respectively, were not detected. 

Atrazine and simazine were also not detected in either IHSS. In IHSS 202, no VOAs were 

detected. The VOAs analyzed but not detected are summarized in Table 6-2. These chemicals 

have been eliminated from the COC list for surface water. No chemicals were detected at a 

frequency between zero and 5 percent, so the comparison to 1,000 times the PRG, as 

described in Subsection 3.4, was not performed. 
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TABLE 6-2 

SUMMARY OF VOLATILE ORGANIC ANALYTES ANALYZED BUT NOT DETECTED 
IN SURFACE WATER IN IHSS 202 (MOWER RESERVOIR) 

Analyte 

1 ,1,1-TRICHLOROETHANE 
1,1.2,2-TETRACHLOROETHANE 

lI1,2-TRICHLOROETHANE 
1,l -DICHLOROETHANE 
1,l-DICHLOROETHENE 
1,2-DlCHLOROETHANE 
1,2-DlCHLOROETHENE 

1.2-DICHLOROPROPANE 
2-BUTANONE 
2-HEXANONE 

4-METHYL-2-PENTANONE 
ACETONE 
BENZENE 

BROMODICHLOROMETHANE 
BROMOFORM 

BROMOMETH ANE 
CARBON DISULFIDE 

CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 

CHLOROMETHANE 
ClS-l,3-DICHLOROPROPENE 
DIBROMOCHLOROMETHANE 

ETHY LBENZENE 
METHYLENE CHLORIDE 

STYRENE 
TETRACHLOROETHENE 

TOLUENE 
TOTAL XYLENES 

TRANS-l,3-DICHLOROPROPENE 
TRICHLOROETHENE 

VINYL ACETATE 
VINYL CHLORIDE 
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6.4 CONCENTRATION-TOXICITY SCREEN 

Chemicals contributing to 99 percent of the risk in the concentration-toxicity screen, as 

described in Subsection 3.5, are summarized by IHSS in Appendix D. Chemicals contributing to 

less than 1 percent of the risk are eliminated. As shown in Table 6-1 , two chemicals were 

eliminated for IHSS 200, six chemicals for IHSS 201, and four chemicals for IHSS 202. 

6.5 PRG SCREEN 

Based on the PRG screen presented in the Programmatic Preliminary Remediation Goals (DOE, 

1994b) for surface water, 16 chemicals were eliminated from IHSS 200, 13 chemicals were 

eliminated from IHSS 201 , and 14 chemicals were eliminated from IHSS 202 (see Table 6-1 1. 

The PRG calculations are presented in Appendix E. No chemicals detected in surface water 

exceed the PRG. Based on the COC selection process, the only remaining chemicals are those 

chemicals that do not have toxicity factors. 

6.6 WEIGHT-OF-EVIDENCE EVALUATIONS FOR CHEMICALS WITHOUT TOXICITY FACTORS 

The chemicals that remain for each IHSS (see Table 6-1) that do not have EPA-derived toxicity 

factors are the following: 

0 Lead 

0 Aluminum 

0 Silicon 

0 Lithium 

0 Cobalt (IHSS 200, 201 only) 

Cesium (IHSS 200, 202 only) 0 

As previously stated, the only chemicals remaining after the PRG screen are chemicals that do 

not have EPA-derived toxicity factors. These chemicals were evaluated using the weight-of- 

evidence (Table 6-1 1 evaluations described in Subsection 3.7 to determine if the chemical was 

6 
6 o f  14 
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consistently detected above background and therefore should be classified as a COC. The 

weight-of-evidence evaluation included the following: 

e Comparison of OU 3 data to  background data for surface water (BGCR, 1 9 9 3 ~ )  

and benchmark data (comparison of means and ranges) 

e Temporal analysis of the OU 3 data 

e Spatial analysis of OU 3 data 

e Evaluation of measurement uncertainty 

e Geochemical evaluations 

Stream water for each IHSS was qualitatively compared to  the data from the Backaround 

Geochemical Characterization ReDort (DOE, 1 993~1, which included 1 75 samples collected 

from February 1989 t o  December 1992. The OU 3 data set had an insufficient number of data 

points for a statistical comparison to  background data and was subsequently compared 

qualitatively to these data. 

No appropriate background data sets from the Backaround Geochemical Characterization ReDort 

(DOE, 1993c) were available for statistical comparisons t o  reservoir water to  be able to  apply 

the Gilbert statistical approach. Thus, the data for OU 3 reservoir water were compared 

qualitatively against the stream water data from the Backaround Geochemical Characterization 

ReDort (DOE, 1993~). Data for OU 3 reservoir water and data for background stream water 

were similar in geologic setting and location, thereby justifying a qualitative comparison. 

Additionally, data for both stream water and reservoir water were compared qualitatively to the 

benchmark values. Benchmark stream water included Ralston Creek, Croke Canal, and 

Farmer's Highline Canal (Arvada, 1994DB). These streams are near the site and some feed 

Standley Lake. Data for OU 3 reservoir water were compared to those of Chatfield Reservoir, 

Cherry Creek Reservoir, Bear Creek Lake, and Harriman Lake (Arvada, 1994; EPA, 1993 and 

1 994). Benchmark values were available for aluminum, antimony, arsenic, barium, cadmium, 
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calcium, chromium, cobalt, copper, iron, lead, lithium, magnesium, manganese, mercury, 

molybdenum, nickel, potassium, selenium, silver, sodium, strontium, and zinc. 

The reservoir benchmark data were obtained from EPA's STORET database (EPA, 1993DB and 

1994DB). The EPA database contains water-quality information from 1970 through 1993. 

Summary statistics for the chemicals that have not been eliminated based on the PRG screen 

(chemicals that do not have toxicity factors) for each IHSS are presented in Table 6-3. 

Included in Table 6-3 is a summary of the benchmark data for the reservoirs. Where 

benchmark values were not found for the reservoirs, the data were compared to the 

background data for streams. The measurement uncertainty has been considered in 

determining if the OU 3 results significantly exceed background values. "Under optimum 

conditions, the analytical results for major analytes in surface water have an accuracy of * 2  to 

* 10 percent" (Hem, 1985). To address analytical uncertainty as well as sampling uncertainty, 

the OU 3 means have also been compared to the background mean plus two standard 

deviations. 

The IHSS mean and maximum values for cesium, cobalt, lithium, and silicon are less than the 

values for background means and maximums as shown in Table 6-3. This is also the case for 

aluminum in IHSS 201 and 202. Benchmark data are available for aluminum, cobalt, and 

lithium. The benchmark data are similar to the OU 3 data for these chemicals. This indicates 

the OU 3 data for these chemicals are consistently below background values and therefore are 

not considered COCs. 

For aluminum in IHSS 200 and lead in each of the IHSSs, additional evaluations have been 

performed and are discussed in the following paragraphs. 

6.6.1 IHSS 200-Aluminum 

In IHSS 200, the mean stream concentration (1,042.9 pg/L) for total aluminum is greater than 

the background mean (758.89 pg/L). However, the mean for IHSS 200 is within two standard 

deviations (3,478 pg/L) of the background mean. The maximum aluminum value detected in 

IHSS 200 (4,260 pgL) is less than the maximum detected in background streams (6,560 pgk). 

0911 919417:37pm DEN1001 6206.WP5 
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Benchmark values for aluminum range from 2 to 2,627 pg/L for reservoir waters; the maximum 

value was detected in Chatfield Reservoir. Figure 6-1 presents a summary of aluminum 

concentrations for all of the IHSSs. 

Spatial analyses were performed for OU 3 analytes by reviewing patterns of concentrations at 

discrete sample points. No patterns or trends were identified to suggest the presence of 

contamination (see Appendix F). 

Hem stated that "Aluminum is the third most abundant element in the earth's outer crust...", 

and "Aluminum occurs in substantial amounts in many silicate igneous rock minerals ..." (Hem, 

1985). Because the concentration of aluminum in surface water of IHSS 200 is not above 

maximum values in background (Figure 6-1 ), because no trends were identified indicating 

contamination, and because aluminum is abundant in the environment (Hem, 19851, aluminum 

is not considered a COC for surface water in OU 3. Further, aluminum is not one of the metals 

identified in the Phase 1 Health Studies Materials of Concern list as a potential contaminant 

from the RFETS. 

6.6.2 IHSSs 200. 201, and 202- Lead 

In IHSS 200, the mean concentration of lead was 7.04 pg/L and maximum value detected was 

18.5 p g L  In IHSS 201, the mean concentration of lead was 4.43 pg/L, and the maximum 

value detected was 10.7 pg/L. In IHSS 202, the mean was 7.22 pg/L and the maximum value 

was 37.2 pg/L (Table 6-2). The reservoir benchmark values for lead ranged from 1 to 

888 pg/L; Cherry Creek and Chatfield reservoirs had the highest values for lead (888 and 

644 pg/L, respectively). The maximum values detected in Harriman Lake and Bear Creek Lake 

were 1 1  pg/L, which is similar to the levels found in the OU 3 IHSSs. Figure 6-2 displays the 

similarity of the data sets. 

An analysis was performed on a subset of the surface-water data set (arsenic, lead, 

manganese, silicon, and iron) for OU 3 using PROBPLOT (see Appendix GI. As described in 

Appendix G, data for OU 3 surface water and the background data for streams were combined 

and evaluated using PROBPLOT. Using a cumulative frequency statistical analysis, the results 
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ALUMINUM IN SURFACE WATER 
(V!m 

' DATA MIN MEAN MAX STDDEV COMMENTS/SOURCE 
OU 3-Creek 344 1042.88 1990 668.61 Stream Surface Water (OU 3 Database) 
OU 3-200T 32.2 1402.48 4260 1035.07 Great Western Reservoir (Lake) (Total Analysis) OU 3 Database 
OU 3-201 T 65.2 404.47 1540 356.02 Standley Lake (Lake) (Total Analysis) OU 3 Database 
OU 3-202T 25.9 92.55 196 55.66 Mower Reservoir (Lake) (Total Analysis) OU 3 Database 
BGCR-CRT 25 758.89 6560 1360.09 Background Geochemical Characterization Report (DOE, 1993c) 
BM-LK 2 2627 Benchmark values, lakedreservoirs, CO Front Range 

Aluminum in Surface Water 
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Notes: If blank, no data are available. 
OU 3-200 = IHSS 200 Creeks and Lake surface water data. 
OU 3-201 = IHSS 201 Creeks and Lake surface water data. 
OU 3-202 = IHSS 202 Creeks and Lake surface water data. 

Figure 6-1 
ALUMINUM IN SURFACE WATER 
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TOTAL LEAD IN SURFACE WATER 
(pglL) 

DATA MIN MEAN MAX STDDEV COMMENTS/SOURCE 
ou 36reek 0.9 7.89 11 3.81 IHSSs 2M), 201, and 202 Stream Surface Water (OU 3 Database) 
ou 3-200 0.9 7.04 18.5 0.424 Great Western Reservoir Surface Water (OU 3 Database) 
OU 3-201 2.5 4.34 10.7 Standley Lake Surface Water (OU 3 Database) 
OU 3-202 2.4 7.22 37.2 1.71 Mower Reservoir Surface Water (OU 3 Database) 
BGCR-Creek 0.8 1.94 21 1.84 RFP Backgrwnd Stream Surface Water, BGCR (DOE, 1993c) 

BM-Lake 1 888 EPA STORET Data (EPA, 1993DB and 199408) 
Arvada Water Guality (Arvada, 1993DB) 

Total Lead in Surface Water 

50 

i 

i’ 
MAX== 

0 4  
OU %Creek ou 3-200 ou 3.201 ou 3.202 BGCR-Creek BM-Lake 

Data 

Notes: If blank, no data are available. 
OU 3-200 = IHSS 200 in OU 3. 

Figure 6-2 
TOTAL LEAD IN SURFACE WATER 
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from PROBPLOT indicate only one population is present. This suggests there is no difference 

,between the background data and the OU 3 data. Additionally, lead levels in OU 3 reservoir 

water are not above benchmark values. The results from statistical and PROBPLOT analysis 

indicate that lead is not a COC in OU 3 reservoir water. 

6.7 CHEMICALS OF CONCERN 

Based on the COC selection process and the weight-of-evidence evaluation, there are no COCs 

for surface water. 
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7.0 CHEMICALS OF CONCERN IN GROUNDWATER 

7.1 INTRODUCTlON 

Two groundwater wells were installed during the OU 3 field investigation: one downstream of 

Great Western Reservoir (IHSS 200, Well 491 92) and one downstream of Standley Lake (IHSS 

201, Well 49292). The wells were installed to evaluate the potential for contaminants to 

migrate from the surface-water bodies to shallow groundwater. 

The COC selection steps that were followed for groundwater were elimination of essential 

nutrients, elimination of chemicals detected infrequently, concentration-toxicity screen, 

comparison to PRGs, and weight-of-evidence evaluations (as described in Subsection 3.7). 

Because of lack of sufficient groundwater data from OU 3 (as previously described in 

Subsection 3.1 1, statistical tests using the guidance developed by Gilbert.(EG&G, 1994a) were 

not performed for groundwater. The chemicals that were eliminated during each step in the 

COC process for each IHSS are summarized in Table 7-1. Based on this COC selection process 

and the weight-of-evidence evaluation, there are no COCs for groundwater. 

The elimination of water-quality parameters and essential nutrients were discussed in 

Subsections 2.7 and 3.2, respectively. The remainder of the COC selection steps are described 

in the subsections that follow. 

7.2 DATA EVALUATION 

Groundwater samples collected from the wells were analyzed for both dissolved and total 

metals, dissolved and total 233/234U1 236U, 238U, total 239/240Pul total 241Am, and water-quality 

parameters. Each well was sampled nine times during 1993 (only eight rounds of data are 

currently entered into RFEDS). The COC selection process has focused on the total metal and 

total radionuclide analysis. 

A summary of the data for OU 3 groundwater for each well is presented in Appendix C. The 

summary statistics by well location (number of detects, number of samples, frequency of 
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detection, minimum nondetect, maximum nondetect, minimum detect, maximum detect, 

arithmetic mean, geometric mean, standard deviation, normal upper 95 percent confidence 

limit, and lognormal upper 95 percent confidence limit) are presented in Tables C-14 and C-15. 

Appendix C includes a summary for all the analyses performed. 

The COC selection process for groundwater focused on total metals and total radionuclides 

because the results of the total analyses (i.e., unfiltered samples) are representative of human 

exposure to unfiltered groundwater used as a drinking water source. Generally, results of total 

concentrations are greater than the corresponding filtered (dissolved) concentrations because 

they include both the suspended and dissolved fraction of the analyte measured. Therefore, 

this is a conservative approach. Water-quality parameters are not carried through the COC 

selection process for groundwater. The filtered (dissolved) analyses and water-quality 

parameters will be discussed in the nature-and-extent discussion in the RFI/RI report. The 

following paragraphs describe the results of the COC selection process. 

7.3 DE~ECTION FREQUENCY 

The COC selection process eliminates chemicals that are not detected in a given medium. 

Compounds that were not detected (zero percent detection frequency) in the groundwater wells 

are summarized in Table 7-1. Four chemicals were not detected in well 491 92 (IHSS 200) and 

12 chemicals were not detected in Well 49292 (IHSS 201 1. These chemicals have been 

eliminated from the COC list. No chemicals were detected between zero and 5 percent, SO the 

comparison to 1,000 times the PRG as described in Subsection 3.4 was not performed. 

7.4 CONCENTRATION-TOXICITY SCREEN 

Chemicals contributing to 99 percent of the risk in the concentration-toxicity screen, as 

described in Subsection 3.5, are summarized by IHSS in Appendix D. Chemicals contributing to 

less than 1 percent of the risk are eliminated. Four chemicals were eliminated for IHSS 200 

and three chemicals were eliminated for IHSS 201 based on this criteria, as shown in 

Table 7-1. 
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7.5 PRG SCREEN 

Based on the PRG screen for groundwater, 9 chemicals were eliminated from the COC list for 

IHSS 200, and 10 chemicals were eliminated for IHSS 201 (see Table 7-1 1. The PRG 

concentrations are presented in Appendix E. 

7.6 WEIGHT-OF-EVIDENCE EVALUATIONS FOR CHEMICALS EXCEEDING PRGS 

The chemicals that have not been eliminated based on the PRG screen are the following ke., 

these chemicals exceed the PRG): 

Well 49 192 (IHSS 200) 

0 Arsenic (Maximum - 6.9 pg/L, PRG =0.04867 pgL) 

Antimony (Maximum -27.5 pglL, PRG = 14.6 pg/L) 

Beryllium (Maximum - 1.6 pglL, PRG =0.0198 pgIL1 

Manganese (Maximum - 959 pg/L, PRG = 182.5 pg/L) 

233’234U (Maximum -4.6 pCi/L, PRG = 2.976 pCi/LI 

238U (Maximum -4.2 pCi/L, PRG =2.976 pCi/L) 

0 

0 

0 

0 

0 

Well 49292 (IHSS 201) 

0 Arsenic (Maximum -3.8 pglL, PRG =0.04867 pg/L) 

Several other chemicals have not been eliminated from the COC list at this point because no 

toxicity factors are available. These chemicals are the following: 

Well 49 192 (IHSS 200) 

0 Lead 

0 Lithium 

0 Aluminum 
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0 Cesium 

0 Cobalt 

Si I i c o n 0 

Well 49292 (IHSS 201 1 

0 Lead 

0 Lithium 

0 Silicon 

0 Aluminum 

The analytes remaining after the PRG screen (including chemicals without toxicity factors) were 

assessed by using the weight-of-evidence evaluation (Table 7-1 ) described in Subsection 3.7 to 

determine if the analyte was consistently detected above background and therefore should be 

considered a COC. The approach for evaluating these chemicals in groundwater included the 

following: 

0 Comparison of OU 3 data to background groundwater data for both upper and 

lower hydrostratigraphic units (UHSU and LHSU, respectively) a t  the RFETS and 

benchmark data (comparison of means and ranges) 

0 . Temporal analysis of anomalies in the OU 3 data 

0 Evaluation of measurement uncertainty 

0 Geochemical evaluations of hydrologic setting 

The OU 3 data that exceed the PRG (or that have no toxicity factors) were compared to the 

background data presented in the Backaround Geochemical Characterization ReDort (DOE, 

1993~).  Analytes for which the OU 3 mean and range were less than the comparative 

background groundwater data were eliminated as COCs. 
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To evaluate whether OU 3 groundwater data exceed background data, the OU 3 data were 

compared to the groundwater data sets presented in the Backaround Geochemical 

Characterization Report (DOE, 1 993c). The background groundwater monitoring wells were 

selected to be representative of the upper hydrostratigraphic unit (UHSU) (Rocky Flats alluvium, 

the colluvium, valley fill alluvium, weathered claystone); and the lower hydrostratigraphic unit 

(LHSU) (the unweathered Arapahoe and Laramie formation bedrock). 

A Piper diagram showing major-ion Chemistry for the OU 3 groundwater wells and background 

UHSU and LHSU is presented in Figure 7-1. The concentrations of major anions (as meqR 

Imilliequivalents per liter]) are given as percentages of the total milliequivalents per liter. The 

water type for Well 491 92 (IHSS 200) is sodium-sulfate enriched whereas the groundwater 

from Well 49292 (IHSS 201 ) is sodium-enriched with no dominant anion. The wells screened 

in the UHSU have a calcium-bicarbonate chemistry. Groundwater in the LHSU generally 

exhibits a sodium-sulfate to sodium-bicarbonate chemistry. Well 491 92 (IHSS 200) has a 

water chemistry similar to the UHSU, whereas Well 49292 (IHSS 201 1 has a water chemistry 

more similar to the LHSU. 

A number of reasons exist for spatial changes and differences in groundwater chemistry. Some 

changes may be due to the natural evolution of groundwater chemistry along a flow path, such 

as an increase in TDS content in the downgradient direction. Other changes in water chemistry 

may be the result of ion-exchange processes, oxidation/reduction reactions, or mineral 

precipitation/dissolution processes. However, the similarity of the water typing for the OU 3 

wells compared to the background data groupings provides a suitable data set for determining if 

the OU 3 data are consistently above background, in conjunction with the temporal, analytical 

uncertainty, and geochemical evaluations. 

Summary statistics of the OU 3 data (by well) that exceed the PRG screen or do not have 

toxicity factors are presented in Table 7-2. Also included in Table 7-2 are the minimum, 

maximum, arithmetic mean, standard deviation, and mean plus two standard deviations for the 

background data. Data for Well 49192 (IHSS 200) have been compared to the background 

data for the UHSU, and data for Well 49292 (IHSS 201) have been compared to the 
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background data for the LHSU. Benchmark values presented by Dragun (1 988) for those 

chemicals with available data have also been included in Table 7-2. 

The measurement uncertainty has been considered in determining if the OU 3 groundwater 

results significantly exceed background. " Under optimum conditions, the analytical results for 

major analytes in groundwater have an accuracy of * 2 to f 7 0 percent. That is, the 

difference between the reported result and the actual concentration in the sample at the time of 

analysis should be between 2 and 10 percent of the actual value" (Hem, 1985). Analytes 

present in concentrations above 100 mg/L generally can be determined with an accuracy of 

better than *5 percent. The limits of precision (reproducibility) are similar. For analytes 

present in concentrations below 1 mg/L, the accuracy is generally not better than f 10 percent 

and can be poorer (Hem, 1985). Except for the major anions and cations, most of the analytes 

for OU 3 are present in concentrations less than 7 mg/L. Therefore, the analytical accuracy 

can be estimated to be f 10 percent. To address analytical uncertainty as well as sampling 

uncertainty, the OU 3 mean has also been compared to the value of the background mean plus 

two standard deviations. 

7.6.1 Chemicals Exceeding the PRG 

Four chemicals for Well 49192 (IHSS 200) and two chemicals for Well 49292 (IHSS 201) that 

exceed a PRG have mean and maximum values that are less than the mean and maximum for 

the comparative background data, as shown in Table 7-2. This indicates the OU 3 analytes 

that have concentrations less than background and that are eliminated from the COC list. The 

following chemicals have been eliminated because the OU 3 mean and maximum 

concentrations/activity are less than those of the background data (UHSU and LHSU): 

Great Western Reservoir Well 49192 

0 Antimony 

0 Beryllium 

0 233n34 U 

0 2381) 
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Standley Lake Well 49292 

0 Aluminum 

0 Arsenic 

Chemicals present at concentrations that are similar to but not below the background mean and 

maximum include arsenic and manganese for Well 49192 (IHSS 200). These two chemicals 

have been evaluated using temporal variability, analytical uncertainty, and geochemical 

analyses to determine if these chemicals should be retained on the COC list for groundwater. 

Well 49192 (IHSS 200) -Arsenic 

In Well 491 92, the mean (2.99 pg/L) for total arsenic is greater than that for the background 

UHSU (1.95 pg/L). However, the mean (2.99 pg/L) is within two standard deviations of the 

background mean (5.37 pg/L), and is similar to the background mean (2.76 pg/L) for the LHSU 

(Table 7-2). The maximum total arsenic value detected in Well 491 92 (6.9 pg/L) is similar to 

the maximum detected in the UHSU background data (5 pg/L) and less than the maximum 

detected in-the LHSU background data (7 pg/L). Arsenic values found in literature for 

groundwater range from 1 to 30 pg/L (Dragun, 1988). Figure 7-2 presents a graph displaying 

the similarity of the OU 3 data to background and benchmark data. 

In reviewing the data from Well 49192, one anomaly was noted: three of the eight sample 

rounds had elevated amounts of total suspended solids (TSS). On January 29, 1993, April 29, 

1993, and November 18, 1993, TSS were 840, 1300, and 948 mg/L, respectively. On the 

five other sample dates, the TSS were all less than 160 mg/L. The elevated amount of TSS, in 

conjunction with elevated total aluminum and total iron (over one order of magnitude greater 

than the other five sampling rounds), indicates that the sampling technique on those days may 

be suspect (see Figure 7-3). The correlation coefficients between TSS and aluminum and TSS 

and iron are 0.99 and 0.96, respectively. A review of the background TSS data for both the 

UHSU and the LHSU shows a small percentage (less than 10 percent) of TSS values greater 

than 500 mgR. It is possible that when the sampling bailer was lowered in the well, the bailer 
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TOTAL ARSENIC IN GROUNDWATER 
(pg/L) 

DATA MIN MEAN MAX STDDEV COM M ENTS/SOU RCE 
OU 3-200 2.3 2.99 6.9 0.71 1 OU 3 Well 49192 (8 sampling events) (OU 3 Database) 
OU 3-201 2.7 2.53 3.8 0.424 OU 3 Well 49292 (8 sampling events) (OU 3 Database) 
Recalc. Mean 2.3 1.67 2.7 OU 3 Well 49192 recalculated without sampling events 

UHSU 0.35 1.95 5 1.71 Weathered Claystone, BGCR (DOE, 199X) 
LHSU 0.35 2.76 7 2.02 Unweathered Arapahoe and Laramie Formation, EGCR 

BM 1 30 Benchmark Data (Dragun, 1988) 

associated with high TSS 
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Notes: If blank, no data are available. 
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may have hit the bottom of the well and dislodged sediments into the water column. Other 

total metal analyses are also higher during these three sample events. 

The three greatest detections (6.9 pg/L, 5.2 Ag/L, and 3.5 pg/L) of arsenic correlate with the 

three sampling events exhibiting elevated TSS (Figure 7-3). When the arithmetic mean for the 

well OU 3 data is recalculated, excluding the data from these three sampling events, the OU 3 

mean (1.67 pg/L, recalculated) is less than the UHSU background mean (as seen in Figure 7-21. 

Based on the similarity of the OU 3 and the UHSU background means (less than two standard 

deviations of the background mean), the OU 3 mean being less than the LHSU background 

mean, the analytical and sampling uncertainty, and the potential for sampling error (three 

rounds with high values of TSS), arsenic concentrations in OU 3 groundwater were determined 

to be not above background; therefore, arsenic has been eliminated as a COC in OU 3 

groundwater. This conclusion is supported by the Phase I Health Studies, which did not 

identify arsenic as a material of concern (CDPHE, 1991 b). 

Well 491 92 (IHSS 200) - Manganese 

Both the mean and maximum values for total manganese in Well 491 92 are greater than those 

of the UHSU background data. However, the maximum value (959 pg/L) detected in the well is 

less than the maximum value (1,000 pg/L) found in literature (Dragun, 1988). Figure 7-4 

presents a graph showing the similarity of the OU 3 data to the background and benchmark 

data. The three highest detections of manganese (959, 700, and 463 pg/L) correlate with the 

three sampling rounds with the elevated TSS, indicating potential sampling error (Figure 7-31. 

The maximum value for OU 3 groundwater, excluding the detections with elevated TSS, is less 

than the maximum detected in the UHSU background data set. This, combined with the 

potential sampling error and the OU 3 data for IHSS 200 being less than the maximum 

benchmark values for manganese, has led to the elimination of manganese as a COC. This 

conclusion is supported by the fact that manganese is not one of the metals identified on the 

Phase 1 Health Studies Materials of Concern List as a likely contaminant from the RFETS 

(CDPHE, 1991 bJ. 
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L TOTAL MANGANESE IN GROUNDWATER 

ou 3-201 52.8 60.1 1 70.2 5-71 7 W 3 Well 49292 (8 sampling events) (OU 3 Database) 

Recalc. 200 327 352 369 OU 3 Well 49192 recalculated without sampling events associated 
with high TSS 

UHSU 0.5 79.59 584 108.18 Weathered Claystone, BGCR (DOE, 1993c) 

LHSU 1 61.87 71 0 125.21 Unweathered Arapahoe and Laramie Formation, BGCR (DOE, 
1993c) 

BM 1 1000 Benchmark Data (Dragun, 1988) 
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Notes: If blank, no data are available. 
OU 3-200 = IHSS 200 in OU 3. 
UHSU = Upper hydrostratigraphic unit. 
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BM = Benchmark. 
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7.6.2 Chemicals Without Toxicity Values 

Cesium and cobalt for Well 491 92 (IHSS 200) and aluminum and arsenic for Well 49292 

(IHSS 201) have mean and maximum values that are less than the mean and maximum for the 

comparative background data, as shown in Table 7-2. This indicates the OU 3 data are less 

than background; therefore, cesium and cobalt are not considered COCs. 

Well 49 192 (IHSS 200) -Aluminum 

In Well 49192, the mean (8,499 pg/L) and the maximum (23,400 pg/L) exceed the UHSU 

background mean (2,743 pg/L) and maximum ( 1  9,950 pg/L). However, as described earlier, 

total aluminum was detected at two orders of magnitude greater during the three rounds of 

sampling with elevated TSS (Figure 7-3). When the mean is recalculated excluding the three 

data points associated with elevated TSS, the mean is 1,959 pg/L, which is less than the 

UHSU background mean. The "uncorrected" mean for OU 3 data is less than the value of the 

background mean plus two standard deviations. Incidentally, dissolved aluminum was detected 

in only one groundwater sample from Well 491 92, indicating the aluminum is associated with 

the solid particulates rather than the dissolved phase. 

A comparison between the OU 3 data and the background data is presented in Figure 7-5 and 

shows the similarity between the data sets. The recalculated mean for Well 491 92 has also 

been shown. Aluminum is the third most abundant element in the earth's crust and is a 

common constituent of rock-forming minerals (Hem, 1 985). Based on this weight-of-evidence, 

aluminum concentrations in OU 3 groundwater are not above background; therefore, aluminum 

has been eliminated as a COC. This conclusion is supported by the Phase I Health Studies, 

which did not identify aluminum as a material of concern (CDPHE, 1991 b). 

Well 49192 (IHSS 2001 -Lead 

In Well 49192, the mean (7.89 p g L )  for total lead is greater than the background mean for the 

UHSU (3.26 pg/L), but less than the value of the background mean plus two standard 

deviations (10.54 pg/L). The well maximum (20.1 pg/L) is also less than the UHSU background 
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TOTAL ALUMINUM IN GROUNDWATER 
(pg/L) 

DATA MIN MEAN MAX STDDEV COMMENTS/SOURCE 
OU 3-200 965 8499 23400 9254 OU 3 Well 49192 (8 sampling events) (OU 3 Database) 

OU 3-201 28.2 72.01 338 108.7 OU 3 Well 49292 (8 sampling events) (OU 3 Database) 

Recalc. 200 965 1959 3070 OU 3 Well 491 92 recaiculated without sampling events associated 

UHSU 22.6 2743 19950 4249 Weathered Claystone, BGCR (DOE, 199%) 

LHSU 11 1791 1 1700 2773 Unweathered Arapahoe and Laramie Formation, BGCR (DOE, 

BM 5 1000 Benchmark Data (Dragun, 1988) 

with high TSS 

1993c) 
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Notes: If blank, no data are available. 
OU 3-200 = IHSS 200 in OU 3. 
UHSU = Upper hydrostratigraphic unit. 
LHSU = Lower hydrostratigraphic unit. 
BM = Benchmark. 
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Recalc. 200 1.8 2.48 3.7 OU 3 Well 49292 (8 sampling events) (OU 3 Database) 

OU 3-201 1.7 0.775 1.7 0.44 OU 3 Well 49192 recalculated without sampling events associated 

UHSU 0.5 3.26 25 3.64 Weathered Claystone, BGCR (DOE, 199%) 

LHSU 0.5 3.82 17.7 4-29 Unweathered Arapahoe and Laramie Formation, BGCR (DOE, 

BM 0 15 Benchmark Data (Dragon, 1988) 

with high TSS 
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OU 3-200 = IHSS 200 in OU 3. 
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maximum (25 pg/L). The three highest concentrations of lead measured in OU 3 groundwater 

(13.4, 17.2, and 20.1 pg/L) were associated with the three sampling events when the TSS 

were elevated (Figure 7-3). When the mean is recalculated without those values, the OU 3 
mean (2.48 pgk) is less than the background mean. Benchmark values for lead typically are as 

much as 15 pg/L (Dragun, 1988). Figure 7-6 presents a comparison between the OU 3 data 

and the background data and shows the similarity between data sets. 

In addition, dissolved concentrations of lead for Well 491 92 are less than the corresponding 

background means and.maximums (see Appendix C). If lead levels in OU 3 were.significantly 

elevated over background, concentrations of both the dissolved and total fractions should be 

greater than those of the background data set. Based on the similarity of the OU 3 and 

background data, lead has been eliminated as a COC in OU 3 groundwater. 

Well 49192 (IHSS 200) - Lithium 

Lithium 'in Well 491 92 is detected in levels greater than the upper background mean and 

maximum. The mean concentration of lithium is 420.5 pg/L and the maximum concentration is 

465 pg/L compared to the UHSU mean and maximum concentration of 33.8 and 226 pg/L, 

respectively. Lithium is typically found in micas associated with pegmatites and often replaces 

magnesium. After lithium is released because of weathering, it stays principally in solution. 

According to Matthess (1 982), groundwater concentrations of lithium range from 1 to 

500 pg/L. The lithium concentrations for Well 491 92 fall within this range. Figure 7-7 

presents the OU 3 data for lithium. 

As a pharmaceutical product, lithium is used for the treatment of depression and is 

administered in doses of approximately 150 to 2,400 mg/day, depending on the age, size, and 

physical condition of the patient (Allen, 1 994). Toxic effects have been observed at doses of 

300 mg/day. The maximum concentration in OU 3 groundwater is 465 pg/L, resulting in a daily 

intake of less than 1 mg/day (assuming 2 liters of water are consumed per day). Since this is 

well below the therapeutic dose, lithium is not considered a COC. This is supported by the 

Phase 1 Health Studies, which did not identify lithium as a material of concern (CDPHE, 

1991 b). 
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TOTAL LITHIUM IN GROUNDWATER 
(@L) 

DATA MIN MEAN MAX STDDEV COMMENTS/SOURCE 
OU 3-200 349 420.5 465 39 OU 3 Well 491 92 (8 sampling events) (OU 3 Database) 

OU 3-201 72.2 74.85 78.6 2.06 OU 3 Well 49292 (8 sampling events) (OU 3 Database) 

UHSU 1.1 33.75 226 48.76 Weathered Claystone, BGCR (DOE, 199%) 

LHSU 6.2 40.69 106 29-29 Unweathered Arapahoe and Laramie Formation, BGCR (DOE, 

BM 1 500 Benchmark Data (Matthess, 1982) 
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otes: If blank, no data are available. 
OU 3-200 = IHSS 200 in OU 3. 
UHSU = Upper hydrostratigraphic unit. 
LHSU = Lower hydrostratigraphic unit. 
BM = Benchmark. 
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Well 49292 (IHSS 201 1 - LZthium 

The mean (74.9 pgn) concentration for lithium in Well 49292 is less the background mean plus 

two standard deviations (99.27 pg/L). The maximum value (78.6 pg/L) detected in the well is 

less than the maximum value detected in the background (106 pgk) data set (see Figure 7-71 

for the LHSU. The maximum value detected in Well 49292 is also less than the maximum 

value found in literature for metals naturally occurring in groundwater (illustrated in Figure 7-7). 

Based on the similarity of the OU 3 data to background and benchmark data, and the fact that 

lithium is not considered a potential contaminant from the RFETS, lithium has been eliminated 

as a COC. This is supported by the Phase 1 Health Studies, which did not identify lithium as a 

material of concern (CDPHE, 1991 b). 

Well 49192 (IHSS 200) -Silicon 

The mean (23,485 pg/L) for silicon in Well 491 92 is less than the value of background mean 

plus two standard deviations (37,159 pg/L). The maximum value (53,600 pg/L) detected in the 

well is similar to the maximum value detected in the UHSU background (51,650 pg/L) data set 

and less than the maximum value seen in the literature (1 00,000 pgR) (Dragun, 1988). The 

three greatest detections of silicon correlate with the three sampling events with elevated TSS 

(Figure 7-3). When the OU 3 mean concentration of silicon is recalculated, excluding the data 

with elevated TSS, the mean is 10,416 pg/L and is below the UHSU mean (15,565 pg/L). 

Figure 7-8 presents the OU 3 data for silicon compared to the background data and illustrates 

the similarity of the data sets, The toxicity of silicon is usually associated with the inhalation of 

silica dust. Based on the similarity of the data sets, the nontoxic effects through ingestion, and 

the fact that silicon has not been identified as a potential RFETS contaminant, silicon has been 

eliminated from the COC list. Silicon is not on the Phase 1 Health Studies Materials of Concern 

list of potential contaminants from the RFETS (CDPHE, 1991 b). 
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TOTAL SILICON IN GROUNDWATER 
(pS/L) 

' DATA MIN MEAN MAX STDDEV COMMENTS/SOURCE 
OU 3-200 81 40 23485 53600 18505 OU 3 Well 49192 (8 sampling events) (OU 3 Database) 

OU 3-201 5110 5535 6260 432 OU 3 Well 49292 (8 sampling events) (OU 3 Database) 

Recalc. 200 81 40 10416 12500 OU 3 Well 49192 recalculated without sampling events assodated 

UHSU 4399 15565 51 650 10797 Weathered ClaystOne, BGCR (DOE, 1993c) 

LHSU 3720 9427.5 29500 6631.1 2 Unweathered Arapahoe and Laramie Formation, BGCR (DOE, 

BM 5 100000 Benchmark Data (Dragun, 1988) 

with high TSS 
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Notes: If blank, no data are available. 
OU 3-200 = IHSS 200 in OU 3. 
UHSU = Upper hydrostratigraphic unit. 
LHSU = Lower hydrostratigraphic unit. 
BM = Benchmark. 
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7.7 CHEMICALS OF CONCERN 

Based on the COC selection process and the weight-of-evidence evaluation, there are no COCS 

for groundwater. 
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8.0 REFERENCES 

This section is divided into two types of references: 1 ) published scientific literature and 

project-specific correspondence (Subsection 8.1 ); and 2) published and project-specific 

databases from numerous sources (Subsection 8.2). 

Subsection 8.2 lists the data sources for tables and figures in Sections 1 .O through 7.0 of this 

document. For additional information on the preparation steps involved to create a database 

listed here, or other information on data sources, refer to Subsection A-2 in Appendix A of this 

document. 
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8.2 PUBLISHED AND PROJECT-SPECIFIC DATABASES 

Arvada, 1994DB. Arvada Department of Water and Environmental Quality Database. 

DB1. 0.U 3 Database, Version 4/26/94 (Paradox filename: DA042694.db). 

DB2. OU 3 Database, Version 6/10/94 (Paradox filename: DA061094.db). 

EPA, 1994DB. United States Environmental Protection Agency. Storage and Retrieval of 

Water Quality Information (STORET) database. July 1, 1994. 

EPA, 1993DB. United States Environmental Protection Agency. Storage and Retrieval of 

Water Quality Information (STORET) database. December 8, 1993. 

RFEDS, 1993. United States Department of Energy. Rocky Flats Environmental Data 

Management System. 1993. 
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APPENDIX A. DATA PREPARATION 

A-1 .O INTRODUCTION 

The OU 3 database was developed to store and organize the data from environmental sampling 

programs at the RFETS and surrounding area that were used to prepare the RCRA Facility 

Investigation/Remedial Investigation (RFVRI), including the Human Health Risk Assessment and 

the Environmental Evaluation, for OU 3. The OU 3 database is composed of data from the 

following sources: 

Rocky Flats Environmental Database System (RFEDS) 

Rock Creek Background Soil Samples (DOE, 1993a) 

Jefferson County Sampling Area Soil Samples (received from RFEDS) 

Background Geochemical Characterization Report (DOE, 1 993b) 

Benchmark - Survey Data for Sample Points and Polygons 

0 1983/84 Sediment Sampling Investigations data (DOE, 7 997 1 

These sources provided the data sets in various formats; therefore, different procedures were 

used, depending on the data source, to  prepare the data for use in the OU 3 database. This 

appendix describes the procedures followed for each data set. 

The OU 3 database is managed according to the Data Manaaement Plan (DOE, 1 9 9 3 ~ )  

developed for the OU 3 RFVRI. The Data Manaaement Plan describes in detail the data 

management system for the project and includes procedures for data management staff, 

computer hardware and software, data models and organization, data management, and data 

users. 

The remainder of Appendix A describes the overall structure of the OU 3 database, data 

preparation steps, and quality control (QC) checks that were performed to generate the tables 

for the OU 3 database. Appendix A is organized into the following sections: 
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e OU 3 Database Structure 

e RFEDS Data Preparation 

e Additional Data Input 

e Data Analysis Table 

e Quality Control Checks 

A-2.0 OU 3 DATABASE STRUCTURE 

The database management system uses a relational data model, where the data accessed by 

users are contained in a number of separate tables, but are related through one or more key 

fields. Tables were created for data sets from each of the sources listed above. Additionally, a 

Data Evaluation table was created to statistically compare OU 3 data and background data and 

to calculate summary statistics and risk estimates. The Data Evaluation table contains fields 

that reflect the application of data-evaluation protocols specified by EG&G (EG&G, 1 994). 

The OU 3 database was designed as a set of independent Paradox (DOS Version 4.0 RDMS) 

tables containing fields of data. These tables can be linked through key fields (Le., selected 

fields that are common to two or more tables). Figure A-1 presents an organization diagram of 

the OU 3 database. Table A-1 summarizes the OU 3 database structure and describes the 

contents of each Paradox table. Figure A-2 lists the fields contained in each table and shows 

relationships between the tables. Table A-2 contains definitions of the various fields. 

In addition to the Paradox tables, OU 3 data are contained in ARC/INFO files to be used for 

producing Geographical Information System (GIS) plots of analytical results and sample 

locations. Analytical result and sample location data were transferred to ARC/INFO using ASCII 

comma-separated files. 
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TABLE A-1 

OU 3 DATABASE STRUCTURE 

Paradox Table Name Paradox Table Description 
~~ ~- ~~ 

DA{date).db Data for the statistical background comparison 
tests and other data analysis tasks. Contains 
original sample data from tables DTOl2694, 
JTOl2694, NBOl2694 (excluding outliers as 
identified in the BGCR), and OT012694. Surface 
soil sampling results (CDPHE and MHM methods) 
are averaged for each location. Contains fields that 
reflect EG&G data analysis protocols for 
nondetects. Rejected data (Validation = R) and QC 
data are not included. 

DG (dare}. db 

DB{ date) .db 

DTfdate}. d b 

DQ{date}.db 

J S{date) .db 

JT{ date} .db 

JQ{ date} .d b 

NB{date).db 

01 {date).db 

OT{date).db 

OQ{date) .db 

Sample locations (OU 3 and background) and data 
grouping information. 

Original and QC data from RFEDS. 

Original data only from RFEDS. 

QC data only from RFEDS. 

Jefferson County Sampling Area surface soil data 
(original and QC data). 

Jefferson County Sampling Area surface soil data 
(original data only). 

Jefferson County Sampling Area surface soil data 
(QC data only). 

BGCR data for selected sample locations (non-seep 
sediment and surface water locations; weathered 
claystone monitoring well locations - original data 
only). Outliers, as identified in the BGCR, are 
included. 

Rock Creek Background Soil data from OU 1 RI 
Report (original and QC data). 

Rock Creek Background Soil data from OU 1 RI 
Report (original data only). 

Rock Creek Background Soil data from OU 1 RI 
Report (QC data only). 
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TABLE A- l  

OU 3 DATABASE STRUCTURE 

Paradox Table Name Paradox Table Description 

ST{ date} .db Sample tracking information. 

FW{date} .db Field water quality data associated with BIO 
samples. 

CL{date}.db 

Note:. 

Matrix of co-located samples (e.g., co-located 810, 
SW, and SED samples). 

{date} = Each Paradox table filename includes the date on which the table was created 
and/or modified. Therefore, the most current tables were clearly identified and 
used for data manipulations. For example, Paradox file DA081094.db was 
modified on August 10, 1994. 
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TABLE A-2 

OU 3 DATABASE FIELD NAME DEFINITIONS 

Field Name Definition 

DA Table 

LOCATION CODE 

SAMPLE TYPE 

SAMPLE QC CODE 

SAMPLE NUMBER 

SAMPLE DATE 

DRY 

RESULT TYPE 

RFEDS TEST GROUP CODE 

MAIN TEST GROUP CODE 

GENERAL TEST GROUP CODE 

CHEMICAL NAME 

ANALYSIS DATE 

NEW RESULT 

Indicates environmental medium/physical location; can 
be more than one LOCATIONCODE at the same 
physical location. 
Example: 

81 1 00092 C -- Biology Location 
SD100092 < -- Sediment Location 
SW100092 c-- Surface Water Location are all at  the 

same physical location. 

Designates environmental sample medium. 

Codes a record as a REAL (i.e., original sample) or QC 
sample (e.g., DUP, FBI. 

Unique code designating a single sample taken at a 
LOCATIONCODE position; can be more than one 
sample number for a LOCATIONCODE. 

Date sample was collected. 

Denotes if sediment sample was dry at  the time of 
collection. 

Codes a record as an original sample result (Le., 
TRG = target) or a lab QC record (e.g., REP). 

General chemical group code supplied by RFEDS; can 
be more than one RFEDS TEST GROUP CODE for an 
analytical method. 

Chemical group code; one code per analytical method. 

General test that was performed on the sample. 

Analyte name. 

Date chemical analysis was performed. 

Analytical result; validated result if available. 
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TABLE A-2 

OU 3 DATABASE FIELD NAME DEFINITIONS 

Field Name Definition 

ADJ RESULT 

NEW UNIT 

NEW ERROR 

NEW DETECT LIMIT 

NEW QUAL1 FlER 

LAB DISPOSITION 

VALIDATION 

REASON 1, REASON2, REASON3, 
REASON4 

DEPTH FROM 

DEPTH TO 

DEPTH UNIT 

Adjusted result = One-half of the RESULT FIELD value 
(for nondetects only). 

Unit associated with the result value. 

Error term associated with radionuclide results. 

Detection limit 
(Detection limit = Instrument detection limit for OU 3 
metals data 
Detection limit = Instrument detection limit or CRDL for 
BGCR metals data) 

Includes the qualifiers assigned by the laboratories and 
the data validators. 

If analytical results could not be transmitted, a reason 
disposition code is indicated. 

Validation codes assigned by the data validators. If the 
field is blank, the record has not been validated. 

Explanation for .validation codes. 

Upper boundary of a sediment core or pit trench 
segment. 

Lower boundary of a sediment core or pit trench 
segment. 

Unit for sediment core or pit trench segments. 
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TABLE A-2 

OU 3 DATABASE FIELD NAME DEFINITIONS 

Field Name Definition 

DETECT 

ADJ DETECT 

METHOD 

84/85 SED FLAG 

IHSS 

DGTYPE 

DGGRABCORE 

DGSOIL 

AREA 

The detect field marks records that contain a 'U' in the 
NEW QUALIFIER field as a nondetect. 

Example: 

NEWQUALIFIER Detect 

Adjusted detect: Reflects application of EG&G data 
analysis protocols. All radionuclides are designated as 
detects (Le., ADJ DETECT field is BLANK); all 
B-qualified metals and water quality records are 
designated as detects. All other records with a "U" in 
the DETECT field are designated as nondetects (Le., 
ADJ DETECT field contains a "U"). 

Method used to  collect a surface soil sample (CDH or 
MHM). 

Flags a record as belonging to the 1984/85 Sediment 
Sampling Investigations data set. 

Individual Hazardous Substance Site number 

Data grouping designation (e.g., CREEK, LAKE, PLOT, 
TRENCH). 

Data grouping designation for sediment samples 
indicating if GRAB or CORE sample. 

Data grouping designation for surface soil samples 
indicating if sample was located in the Remedy Acreage 
area. 

Denotes if the record is background (B) or OU 3 site (SI 
data. 
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TABLE A-2 

OU 3 DATABASE FIELD NAME DEFINITIONS 

Field Name Definition 

Additional Fields - DG Table 

CL TABLE ENTRY Indicates if additional information for the record is 
available in the Co-Located Sample table. 

DGNEARSHORE 

DGCREEKNEARSHORE 

DGMISC 

Data grouping designation for sediment samples. 

Data grouping designation for sediment samples. 

Miscellaneous data grouping designation -empty field 

DGEXPOCOV Data grouping designation for sediment sample 
locations -exposed vs. covered with water. 

GlSlD 

G ISSAMPLELOCATI ON 

LOCATIONGROUP General geographic location group. 

I.D. code from ARCANFO GIS data files. 

GIS map location. 

DESCRIPTION Description of sample location ,based on medium and 
geographic location. 
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A-3.0 RFEDS DATA PREPARATION 

EG&G maintains the RFEDS. The majority of data records in the OU 3 database were extracted 

by EG&G from RFEDS as ASCII text fixed-field files. EG&G began with an initial extraction of 

data from RFEDS on December 17, 1992, and throughout the duration of the project added 

periodic RFEDS extractions containing updated and additional records. The final extraction of 

RFEDS data for the Draft RFI/RI report was on February 15, 1994. All extractions, including 

those prior to February 15, 1994 (i.e., December 17, 1992; January 20, 1993; February 10, 

1993; March 17, 1993; April 1, 1993; May 5, 1993; June 10, 1993; September 16, 1993; 

November 16, 19931, were imported from the text files into Paradox on February 16, 1994 to 

create the OU 3 database for the Draft RFI/RI report. 

The steps necessary to  import and prepare RFEDS data for the OU 3 database are described in 

detail below. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Convert RFEDS data-extraction files to ASCII separated/delimited format. 

Import the extraction into Paradox. 

Correct database inconsistencies and separate data that will not be used in 

quantitative data-analysis tasks. 

Identify and resolve redundant data records. 

Assemble the main cleaned-up table (without resolved problem records). 

Produce potential problem records report. 

Review potential problem records report and select records to be added back to 

the main table. 
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a. Add selected record(s) from the review process back to the main table. 

9. Copy main table to OU 3 database directory for RFETS. 

10. Notify persons using OU 3 database of updated main table. 

Note: In the description of preparation steps below, names of database fields are shown in all 

uppercase bold letters (e.g., CHEMICAL NAME, MAIN TEST GROUP CODE, and NEW RESULT). 

STEP 1 - Convert RFEDS data-extraction files to ASCII separated/delimited format. 

The RFEDS data extraction format is ASCII column-delimited (Le., text files that consist of 

fields that are of a fixed length). Because Paradox cannot import column-delimited ASCII files, 

the column-delimited RFEDS data files are converted to ASCII separated/delimited (DAT) files 

using a general-purpose conversion program written in PASCAL. ASCII separated/delimited 

files are text  files that consist of fields separated by a special character, usually a comma. 

Additionally, the alpha fields are delimited with a special character (Le., quotation marks for 

these data). Alpha fields are delimited with a special delimiter character so those fields can 

contain the special separator character as part of the alpha string (e.g., chemical names that 

contain commas). 

STEP 2-Import the extraction into Paradox. 

Using a custom script called IMPORTEX.SC, the OAT files are imported into Paradox. The 

imported data from the initial RFEDS extraction are put into a temporary table. The temporary 

table is then restructured to match the structure of the main raw data table, and the 

SEQUENCE ID field is used to link the temporary and main raw data tables. The temporary 

table records are then added to the main raw database table. The process is repeated for each 

extraction. Records from the source table (i.e., temporary table with RFEDS data) replace 

records in the destination table (i.e., main raw data table) if the SEQUENCE ID in the source 

table record already exists in the destination table. If the records from the source table are not 
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in the destination table, then the records from the source table are added to the destination 

table. 

STEP 3-Correct database inconsistencies and separate data that will not be used in 

quantitative data-analysis tasks. 

Using a script named XCLEANUP.SC, the data are preprocessed to  correct any inconsistencies 

found in the RFEDS data, such as the following: 

0 CHEMICAL NAME inconsistencies 

RFEDS TEST GROUP CODE name inconsistencies 

Obsolete RFEDS TEST GROUP CODE names 

Multiple fields of analytical data for one record (i.e., data received from RFEDS 

Unit inconsistencies 

0 

contain fields for laboratory results and corrected results from the data- 

validation subcontractor; some records contain both laboratory and corrected 

results). 

Additionally, the preprocessing step accomplishes the following: 

Separation of historical data (i.e, pre-1992 data that tend to have QC problems) 

from OU 3 sampling program data; historical data will be used qualitatively in 

the RFI/RI report. 

Separation of QC data from original sample data; QC data will be used in the 

RFlml report to evaluate quality of the data; only original data will be used for 
all other quantitative data-analysis tasks. 

Removal of data for any samples not associated with the OU 3 field 

investigation. 
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XCLEANUP.SC performs the following operations: 

Separation of Historical Data 

Historical data are identified by the following Location Codes: 

SWOOl through SW004 

SED001 through SED004 
GSOOl through GS004 

These data are removed from the main raw-data table and placed into a 

separate table for use in the RFI/RI report. 

Separation of QC Data 

QC data are identified using the SAMPLE QC CODE field: 

Any samples with codes in the SAMPLE QC CODE field other than 

REAL, BLANK, or UNK (i.e, unknown) are considered to be QC samples. 

QC data are also identified using the RESULT TYPE field: 

Any samples with codes in the RESULT TYPE field other than TRG, DIL, 

BLANK, or UNK are considered to be QC samples. 

Data identified as QC samples are removed from the main raw data table and 

placed into a temporary table for further processing. 
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Separation of Non-OU 3 Field Investigation Data: 

OU 3 field investigation data are identified by the following suffixes in entries in 

the SAMPLE NUMBER field: 

0 CH 

0 WCU3 or WC 

Records with suffixes in the SAMPLE NUMBER field other than those listed 

above are not included in the OU 3 database. 

Inconsistencies in Analyte Names 

Inconsistencies in analyte names (Le., multiple names for the same chemical) 

found in the RFEDS data are corrected so that each chemical is listed by only 

one name in the OU 3 database (see Table A-3). 

Obsolete RFEDS TEST GROUP CODES 

Obsolete codes in the RFEDS TEST GROUP CODE field consist of the following: 

0 PDMETCLP 

0 PDM ETNOCLP 

Any records with the codes listed above in the RFEDS TEST GROUP CODE field 

are removed from the main raw data table. RFEDS replaces these codes with 

new codes. Therefore, if records with test group codes of PDMFTCLP and 

PDMETNOCLP are left in the table, they represent duplicate records. 
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TABLE A-3 

CHEMICAL NAME INCONSJSTENCIES 

Multiple Chemical Names Changed to 

RADIONUCLIDES 

GROSS ALPHA - DISSOLVED 

GROSS ALPHA PARTICLE ACTIVITY 

GROSS ALPHA 
GROSS ALPHA - SUSPENDED 

GROSS BETA - DISSOLVED 
GROSS BETA - SUSPENDED 
GROSS BETA PARTICLE ACTIVITY 

PLUTONIUM 239 
PLUTONIUM 239/240 

URANIUM 233, 234 
URANIUM 234 

CYANIDE 
CYANIDE, AMENABLE 
CYANIDES ( SOLUBLE SALTS ... 1 

HEXAVALENT CHROMIUM 
CHROMIUM VI 

N ITRATE/NITRITE 
NITRATE/NITRITE ( HISTORICAL ... 1 

GROSS BETA 

PLUTONIUM 239/240 

URANIUM 233/234 

WATER QUALITY 

CYANIDE 

HEXAVALENT CHROMIUM 

NITRATE/NITRITE 

ORTHOPHOSPHATE ORTHOPHOSPHATE 
PARATHION, ETHYL ( INCORRECT CAS 
NUMBER CAUSED THIS TO BE LABELED 

MONTANO/EG&G 1 

SOLIDS, NONVOLATILE SUSPENDED 
TOTAL DISSOLVED SOLIDS 

INCORRECTLY - VERIFIED BY BETH 

TOTAL DISSOLVED SOLIDS 

TOTAL SOLIDS 
TOTAL SUSPENDED SOLIDS 

BICARBONATE 
BICARBONATE AS CAC03' 

TOTAL SUSPENDED SOLIDS 

BICARBONATE AS CAC03 
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CHEMICAL NAME INCONSISTENCIES 

Multiple Chemical Names Changed to 

CARBONATE CARBONATE AS CAC03 
CARBONATE AS CAC03 

ALKALINITY AS CAC03 
TOTAL ALKALINITY 

ALKALINITY AS CAC03 

Note: 

= BICARBONATE AS CAC03 = BICARBONATE * 1.22 
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Unit Inconsistencies 

Any inconsistencies in units for a particular medium and test group code are 

converted to the appropriate consistent units (e.g., all results for dissolved 

metals analyses are expressed in units of pg/L). This step is performed so that 

data for one chemical can be combined for quantitative data-analysis tasks such 

as calculation of summary statistics. 

Multiple Fields of Analytical Data 

The main raw data table can contain data from the laboratory and from the data 

validation subcontractor for the same record. Validated data, if available, are 

placed in the OU 3 database. The following fields contain corresponding data 

from the two sources: 

LAB0 RATORY 

RESULT 

QUALIFIER 

UNIT 

DETECT LIMIT 

DATA VALIDATORS 

VRESULT 

VQUAL 

VUNIT 

VDETECT 

ERROR --NO FIELD- 

The protocols listed below are used to incorporate data from the laboratory and 

data validators: 

0 If the VRESULT field in the RFEDS data contains a result, then 

the value from VRESULT is placed in a new field (Le., 

NEWRESULT) in the OU 3 database. 
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e If the VRESULT field in the RFEDS data is blank, the value in the 

RESULT field is placed in the NEWRESULT field in the OU 3 

data base. 

e The UNIT, DETECT LIMIT, and ERROR fields are treated the 

same as the VRESULT and RESULT fields. NEW UNIT, NEW 

DETECT LIMIT, and NEW ERROR fields were created in the OU 3 
database to contain the data selected by the protocol described 

above. 

e The QUALIFIER and VQUAL fields from the RFEDS data are 

concatenated in a NEWQUALIFIER field in the OU 3 database. 

The NEW RESULT, NEW UNIT, NEW DETECT LIMIT, NEW ERROR, and NEW 

QUALIFIER fields are used for quantitative data-analysis tasks. 

Inconsistencies in the RFEDS TEST GROUP CODES 

The RFEDS data contain multiple codes in the TEST GROUP CODE field 

for the same general group of chemicals. Two new fields were created 

in the OU 3 database, MAIN TEST GROUP CODE and GENERAL TEST 

GROUP CODE, t o  standardize the grouping of chemicals into main 

sample preparation/analytical method categories (e.g., DMETAL-CLP- 

NONCLP refers to  dissolved metals) and general chemical categories 

(e.g., METALS refers to  both dissolved and total metal analyses), 

respectively. Table A-4 summarizes codes used in the RFEDS TEST 

GROUP CODE field and corresponding codes in the MAIN TEST GROUP 

CODE and GENERAL TEST GROUP CODE fields in the OU 3 database. 
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TABLE A 4  

RFEDS TEST GROUP CODE INCONSISTENCIES 

RFEDS Test Group Code Main Test Group Code General Test Group Code 

BNACLP 

CLHERB615 

DMETADD 

DIOX613 

DPEST6 1 3 

DMETCLPTAL 

DMETNOCLP 

DRADS 

DMETCLP 

DSMETCLP 

METADD 

RFlN 

METCLP 

PAHCOMGIO 

PEST608 

PESTCLP 

PH PEST6 1 0 

PSTCLPTCL 

PSTPCB508 

RFME 

RFMS 

RFPP 

SMETCLP 

R FRA 

SELCOM625 

SVOA-ORG-CLP 

CL-HERB-EPA615 

DM ETAL-CLP-NON CLP 

DIOX-PEST-EPA613 

DIOX-PEST-EPA613 

DMETAL-CLP-NONCLP 

DMETAL-CLP-NONCLP 

DISSOLVED-RADS 

DMETAL-CLP-NONCLP 

DMETAL-CLP-NONCLP 

M ETAL-CLP-NONCLP 

WATER-QUALITY 

M ETAL-CLP-NONCLP 

PAH-PEST-PCB-EPA61 0 

OCLPEST-EPA608 

PESTICIDE-CLP 

PAH-PEST-PCB-EPA61 0 

PESTICIDE-CLP 

PEST-PCB-EPA508 

METAL-CLP-NONCLP 

DM ETAL-CLP-NONCLP 

PESTICIDE-CLP 

METAL-CLP-NONCLP 

TOTAL-RADS ’ 

SVOA-ORG-CLP 

SVOAS 

PESTICIDES 

METALS 

PESTICIDES 

PESTICIDES 

METALS 

METALS 

RADIONUCLIDES 

METALS 

METALS 

METALS 

WATER-QUALITY 

METALS 

PESTl CI DES 

PESTICIDES 

PESTlCl DES 

PESTICIDES 

PESTl CI DES 

PESTICIDES 

METALS 

METALS 

PESTlCl DES 

METALS 

RADIONUCLIDES 

SVOAS 
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TABLE A 4  

RFEDS TEST GROUP CODE INCONSISTENCIES 

RFEDS Test Group Code Main Test Group Code General Test Group Code 

RFVO VOA-ORG-CLP VOAS 

SELC0502.2 VOA-EPA502.2 VOAS 

RFSV SVOA-ORG-CLP SVOAS 

TRADS TOTAL-RADS RADIONUCLIDES 

RFRS DISSOLVED-RADS RADIONUCLIDES 

TRIPES61 9 TRIPEST-EPA619 TRl PESTICI DES 

SMETNOCLP METAL-CLP-NONCLP METALS 

SVOCLPTCL SVOA-ORG-CLP SVOAS 

SM ETCLPTCL METAL-CLP-NONCLP METALS 

VOA502.2 VOA-EPA502.2 VOAS 

VOACLP VOA-ORG-CLP VOAS 

VOCCLPTCL VOA-ORG-CLP VOAS 

WQPL 

OCLPEST608 

WATER-QUALITY 

OCLPEST-EPA608 

WATER-QUALITY 

PESTICIDES 
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STEP 4 -Identify and resolve redundant data records. 

Step 4 of the cleanup process is designed to identify and remove redundant records from the 

OU 3 database and also uses the script XCLEANUP.SC. Step 4 includes the following 

procedures: 

A. The main table is broken into subsets (i.e., Radionuclides, Metals, Volatile 

Organic Compounds, Pesticides, and Water-Quality parameters), and the 

algorithm described below is performed for each subset of data. For each 

subset, additional tables are created (i.e., a KEEP table for records that will be 

retained in the OU 3 database and REJECT tables) that require further 

processing. 

B. The records in the subset table to  be processed are sorted in the following 

order: 

1 .  SAMPLE NUMBER 

2. CHEMICAL NAME 

3. MAIN TEST GROUP CODE 

C. As each subset table is parsed, all records having the same entries in the 

SAMPLE NUMBER, CHEMICAL NAME, and MAIN TEST GROUP CODE fields are 

copied to a temporary table. When the entries in the SAMPLE NUMBER, 

CHEMICAL NAME, and MAIN TEST GROUP CODE fields change, processing 

moves to Step 4-0, 4-F, or 4-G, depending on the type of records contained in 

the temporary table. When processing returns to Step 4-C, it continues with 

the next group of records having the same SAMPLE NUMBER, CHEMICAL 

NAME, MAIN TEST GROUP CODE, until all records have been processed. 
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D. If the temporary table includes one validated record, the following protocols are 

used: 

0 The records in the temporary table are placed in a REJECT table if the 

NEW RESULT field (and ERROR field if the Radionuclides subset table is 

being processed) is blank for all records. 

0 The validated record is placed in the KEEP table if the NEW RESULT field 

of the validated record contains a value. All nonvalidated records in the 

temporary table are placed in a REJECT table. 

Processing returns to  Step 4-C. 

E. If the temporary table includes more than one validated record, the following 

protocols are used: 

0 One of the validated records is placed in the KEEP table if the validated 

records have identical values in the NEW RESULT field. All other 

validated and nonvalidated records are deleted. 

b If the RESULTS field of the records in the temporary table are not 

identical or are blank, all records in the temporary table are placed in a 

REJECT table. 

Processing returns to  Step 4-C. 
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F. If the temporary table contains one nonvalidated record, the following protocols 

are used: 

0 The record is placed in the KEEP table if the RESULT field (and ERROR 

field if the Radionuclides subset table is being processed) is not blank. 

The record is placed in a REJECT table if the RESULT field is blank. 

Processing returns to Step 4-C. 

G. If the temporary table contains more than one nonvalidated record, the following 

protocols are used: 

0 One of the nonvalidated records is placed in the KEEP table if the values 

in the RESULT field (and ERROR field if the Radionuclides subset table is 

being processed) are identical. 

All of the records in the temporary table are placed in a REJECT table if 

the RESULT fields are not identical or blank. 

Processing returns to  Step 4 4 .  

Tables that are created by Step 4 include: 

RADS. db Radionuclide subset table 

RDKEEP.db KEEP table for the Radionuclides subset 

RDREJ61 .db Radionuclides REJECT table (validated record; RESULT and/or ERROR 

field is blank) 
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RDREJ62.db Radionuclides REJECT table (one validated record kept; all corresponding 

nonvalidated records placed in this table) 

RDREJ63.db Radionuclides REJECT table (more than one validated record; no 

duplicate results; all records rejected) 

RDREJ64.db Radionuclides REJECT table (one nonvalidated record rejected; RESULT 

field blank) 

RDREJ65.db Radionuclides REJECT table (more than one nonvalidated record; no 

duplicate results; all records rejected) 

Step 4 is also followed to create corresponding tables for the Metals, Volatile Organic 

Compounds, Pesticides, and Water-Quality parameters. 

STEP 5 -Assemble the main cleaned-up table. 

In Step 5 of the cleanup process, all of the KEEP tables are assembled into one table h e . ,  

DT{date}.db.; (date} indicates the date when the table was assembled or updated). 

STEP 6 - Produce potential problem records report. 

Hardcopy reports of the rejected records are made from the REJECT tables for each subset of 

data (e.g., Radionuclides, Metals, etc.). These reports are used to resolve problems with data 

records. 

STEP 7 -Resolve problem records. 

EG&G data-management staff review data-problem reports and resolve the problem or 

redundant records. The following list summarizes the resolution of the types of data problems 

found after importing RFEDS data extractions on February 16, 1994: 
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0 Blank RESULT field for Cesium-1 37: These records were nondetects and the 

value presented in the DETECTION LIMIT field should also be used in the 

RESULT field. 

0 Blank ERROR field for Plutonium-239/240: EG&G provided value. 

0 Redundant nonvalidated records for Total Organic Carbon analysis: EG&G 

provided RFEDS ID number of the records to  be retained in the OU 3 database; 

other records for the same sample number were deleted. 

0 Nonvalidated results for surface soil samples: EG&G used nonvalidated records; 

validation could take from 1 to 6 months. 

The following protocols are used for redundant validated records: 

0 If analysis dates are different for redundant records, the record with the most 

recent date is selected for the OU 3 database. 

0 If the analysis dates are the same for redundant records, selection of the record 

to be used in the OU 3 database is based on the Reason Codes associated with 

the Validation Codes. 

STEP 8-Create final database tables. 

Corrected problem records and records selected from a group of redundant records for use in 

the OU 3 database are added to the DT{date).db table. 

STEP 9 -Copy main table to the OU 3 database directory for RFETS. 

The updated DT{date}.db table is copied to the OU 3 database directory for RFETS. 
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STEP 10 -Notify persons using OU 3 database of updated main table. 

Persons using OU 3 data are notified of the new table with a DATABASE UPDATE form. 

Steps 3 through 10 are repeated with a modified cleanup script using QC data that were 

separated from original sample data during the cleanup process. The DQ(date}.db table is then 

created using cleaned-up QC data. 

A4.0 ADDITIONAL DATA INPUT 

Additional data were entered into the OU 3 database to supplement the data extracted from 

RFEDS, including data from the following sources: 

e 1984/85 Sediment Sampling Investigation (DOE, 1991 1 (see Attachments 1 and 

2 for a discussion of analyses performed to determine the useability of these 

data in the RFI/RI report for OU 3). 

e Rock Creek Background Soil Samples (DOE, 1993a1. 

e Jefferson County Sampling Area Soil Samples. 

e Background Geochemical Characterization Report (DOE, 1 993b). 

e Benchmark - Survey Data for Points and Polygons. 

These additional data were received in various formats, and different procedures were used to 

prepare the data for use in the OU 3 database, depending on the source. Table A-5 

summarizes the dates received, format, and types of data and data preparation procedures for 

each of these sources. 
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A-5.0 DATA ANALYSIS TABLE 

The Data Analysis table (DA{date}.db) is composed of records from the DT{date}.db, 

JT{date}.db, OT{date}.db, and NB{date}.db tables. Additionally, the DA{date}.db table 

contains fields that reflect application of data-evaluation protocols. This section describes the 

data-evaluation protocols and outlines the procedures used to prepare the DA{date}.db table. 

A-5.1 Data Evaluation Protocols 

The data-evaluation protocols for the Draft RFI/RI report are based on Guidance for Data 

Useabilitv in Risk Assessments (EPA, 1990) and a guidance memorandum from EG&G (EG&G, 

1994, included as Attachment 3). The eleven protocols described in this section are the data 

manipulation rules that were applied to prepare the DA{date}.db table for quantitative data 

analysis tasks. The protocols were designed to identify and eliminate data considered 

unacceptable for quantitative data analysis (e.g., data rejected as a result of data validation). 

Additionally, the protocols provide for consistent treatment of nondetects, QC samples, and 

other specific categories of data in the quantitative data analyses. 

A-5.1.1 Nonvalidated Data 

Any nonvalidated data in the OU 3 database were included in the DA{date}.db table and were 

used for quantitative data-analysis tasks for the Draft RFI/RI report. A total of 1,082 records in 

the OU 3 database used for the COC selection process (7 percent) were nonvalidated. 

A-5.1.2 ValidatedlOualified Data 

All data qualified with a "J," and any other qualifiers except those with an "R," in the 

VALIDATION or NEWQUALIFIER fields were included in the DA{date}.db table and were used in 

the quantitative data analysis tasks for the Draft RFI/RI report. Validated data flagged with an 

"R" in the VALIDATION field or nonvalidated data flagged with an "R" in the NEWQUALIFIER 

field were not included in the DA{date}.db table and therefore were not used in any 
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quantitative data analyses tasks for the Draft RFI/RI report. Data flagged with an "R" are 

rejected because they did not meet performance requirements in the sample or in the 

associated QC samples. The R-qualified data may be used qualitatively in the RFI/RI report, if 

appropriate. 

A-5.1.3 QC Samples 

All QC samples (e.g., trip blanks, field duplicates, laboratory replicates, etc.) were removed 

from the DA{date},db table and were not used for quantitative analysis tasks for the RFI/RI 

report. The QC data were used to evaluate precision, accuracy, representativeness, 

comparability, and completeness (PARCC) under the RFI/RI Task 4. 

A-5.1.4 Treatment of DetectslNondetects for Inorganic Parameters 

Analytical results for metals and water-quality parameters were treated as detects if the 

following conditions applied: 

a The NEWQUALIFIER field is blank. 

0 A sample is not qualified with a "U" in the NEWQUALIFIER field. A sample 

qualified with a "U" is a nondetect and is below the instrument detection limit. 

0 A sample is qualified with a "B" in the NEWQUALIFIER field. The "B" qualifier 

signifies that the analytical result was below the contract-required reporting limit 

(CRDL) but above the instrument detection limit (IDL). B-qualified data are 

considered to be detects and are used as such. 
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A-5.1.5 Treatment of Nondetects - Volatiles, Semivolatiles, Pesticides, and PCBs 

When applying any parametric analytical test, one-half the reported analytical result (the 

NEWRESULT field in the database) was used for organic samples flagged with a "U" in the 

NEWQUALIFIER field. All data flagged with a "U" were counted as nondetects when 

performing detection frequency calculations. 

When applying any nonparametric analytical test, the reported analytical result (the 

NEWRESULT field in the database) was used for organic samples flagged with a "U" in the 

NEWQUALIFIERS field. 

A-5.1.6 . Treatment of Nondetects - Radionuclides 

DOE Order 5 4 0 0 . ~ ~  provides guidance on the treatment of radionuclide results at or below the 

detection limit. The DOE order states: "All of the actual values, including those that are 

negative, should be included in the statistical analyses. Practices such as assigning a zero, the 

detect limit value, or some in-between value to the below-detectable data point, or discarding 

those data points can severely bias the resulting parameter estimates and should be avoided. 

... Data from censored distributions are more amenable to standard statistical analyses than are 

those from truncated distributions . . . . " 

Based on the DOE guidance, all radionuclide results were treated as detects for quantitative 

data-analysis tasks except for calculation of detection frequency. For calculating detection 

frequency, all results flagged with a "U" in the NEWQUALIFIER field were counted as 

nondetects. 

A-5.1.7 Treatment of Negative and Zero Results for Radionuclides 

Based on DOE Order 5400.xy, all radionuclides results, including negative and zero values, 

were used in quantitative data-analysis tasks. For statistical tests requiring log-transformations 

of the radionuclide results (e.g., background statistical comparison tests), the distributions of 
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results for a particular analyte for both OU 3 data and background data were shifted by adding 

a constant value to each result so that all results were positive. This shift was performed 

because calculation of the natural log of zero or negative values results in an error. Therefore, 

negative and zero values could not be included in the comparison test when log-transformation 

was required if the shift was not performed. 

A-5.1.8 Treatment of Error 

The impact of the ERROR reported for the radionuclide parameters will be discussed in the 

RFI/RI Uncertainty Section. In cases where the ERROR is equal to or greater than 0.5 times the 

NEWRESULT value, there is less confidence in the reported result and a higher degree of 

uncertainty.. For example, if the error is subtracted from the result, the reported value may be 

less than the detection limit. Data that fall in this category will be identified but not altered for 

quantitative data-analysis tasks. 

A-5.1.9 Treatment of Outliers 

An outlier is an extreme observation that does not conform to the pattern established by other 

observations and is unlikely to be a valid member of the population of interest. An outlier may 

be the result of an incorrectly read, recorded, or transcribed measurement; an incorrect 

calculation; an error in documentation (field or laboratory); or an actual environmental condition. 

To evaluate the presence of outliers, the following procedure was applied to the analytes, by 

sample type, for the sediment, surface-water, and groundwater background data in the 

Backaround Geochemical Characterization ReDort (DOE, 1 993b) only (this screening process 

was not applied to  OU 3 data): 

1. Anomalous data were flagged. 

2. These flagged values were examined, then checked individually if judged to be 

geochemically questionable. Each flagged outlier was evaluated with respect to 

the historical trend of the data for that specific location, as well as laboratory 
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conditions such as matrix interference, in an attempt to determine why the 

datum was aberrant. 

3. If the outlier resulted in a correctable error, the value was changed, and the 

correct value was included in the data set. Data that were believed to have 

resulted from laboratory contamination (e.g., acetone "hits"), irresolvable 

transcription errors, or other noncorrectable errors that gave results not thought 

to be representative of background were excluded from subsequent statistical 

analyses. 

Outliers listed in Appendix E of the Backaround Geochemical Characterization Report have been 

excluded from the DA{date}.db table of the OU 3 database and therefore, were not used in 

statistical comparison tests. 

A-5.1 -10 Averaging of Analytical Results for Surface Soil Samples Collected Using Different 

Methods 

Surface-soil samples were collected by two different methods: the Colorado Department of 

Public Health and the Environment (CDPHE) method and the RFETWModified Hazel method 

(MHM). The paired t-test at the 95 percent confidence level showed that the results from 

these two methods were not significantly different (see Attachment 4 for a detailed discussion 

of the statistical analysis). Therefore, results of the two methods for a sample location were 

averaged and this mean value for the sample location was entered into the DA{date}.db table 

of the OU 3 database in the NEWRESULT field for use in quantitative data-analysis tasks. 

A-5.2 PREPARATION OF DATA-ANALYSIS TABLES 

The following procedures were used to prepare the DA{date}.db table: 

1. A copy of the DT{date}.db table was made and named DT2DA.db. 
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2. 

3. 

4. 

5. 

6.  

7. 

The "Rejected" (VALIDATION field contains an WW) data records were removed 

from the DT2DA.db table. 

The units were checked for consistency. 

The codes in the CHEMICAL NAME field were checked for consistency. 

A DETECT field was added to the table. The DETECT field indicates if a record 

is a nondetect (U) or a detect ([BLANK]). If the NEW QUALIFIER field contained 

a "U," then the DETECT field for the corresponding record contains a "U;" 

otherwise, the DETECT field was left blank. 

An AREA field was added to the table. The AREA field denotes if the record is 

background (B) or OU 3 site (S) data. For the DT2DA.db table, the AREA field 

was set to  "S" to denote that it is OU 3 site data. 

The data from the DT2DA.db table were inserted into the DA{date}.db table. 

Procedures 1 through 7 were repeated for the JT{date}.db, OT{date}.db, and NB{date}.db 

tables. After all tables were combined into the DA{date}.db table, the following procedures 

were performed: 

8. The DA{date}.db table was checked for overall consistency of units. 

9. The DA{date).db table was checked for overall consistency of codes in the 

CHEMICAL NAME field. 

10. Fields from the data grouping table (DG{date).db) were added to the 

DA{date}.db table. Using the LOCATION CODE field as a link from the 

DA{date}.db to the DG{date}.db, the IHSS, DGTYPE, DGGRABCORE, and 

DGSOIL were linked into the DA{date}.db table. 
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11. 

12. 

13. 

14. 

15. 

16. 

New fields (i.e., ADJ DETECT and ADJ RESULT), based on the data-evaluation 

protocols, were set up in the DA{date}.db table. The values in the DETECT and 

NEW RESULT fields were copied into the ADJ DETECT and ADJ RESULT fields 

so that both sets of fields contained the same data. The ADJ fields were then 

adjusted to reflect application of the data evaluation protocols, and the original 

fields were not changed. 

For all radionuclide records, the ADJ DETECT field was set to a [BLANK] value 

to denote the record as a detect value. 

For all metal records, if the NEW QUALIFIER field contained a "B," then the ADJ 

DETECT field value was set to a [BLANK] value to denote the record as a 

detect. 

For all records that contained a "U" in the ADJ DETECT field after completing 

procedures 12 and 13, the value in the ADJ RESULTS field was replaced with a 

proxy value (i.e., one-half of the value in the NEW RESULT field). 

The updated DA{date}.db table was copied to a separate directory. 

Persons using OU 3 data were notified of the updated DA{date}.db table with a 

DATABASE UPDATE form. 

A-6.0 QUALITY CONTROL CHECKS 

The following QC checks were performed to verify the completeness and consistency of the 

OU 3 database: 

0 A QC audit of the ST{date).db table was performed using printouts of the 

original source data. Any error or inconsistencies found in the ST(date}.db table 

were corrected. 
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0 A list of missing data (Le., data requested from the laboratories but not 

contained in the DT(date}.db or DQ(date).db tables) was produced by 

comparing the ST{date}.db table (Le., sample tracking matrix that contains all 

requested analyses for each sample number) to the DT{date}.db and the 

DQ{date}.db tables. The records listed on the missing data list were checked 

against the RFEDS data received from EG&G to verify that all data received from 

RFEDS were imported into the OU 3 database. 

0 SAMPLE LOCATION codes in the DB(date}.db, DG(date}.db, and DA{date}.db 

tables for OU 3 field investigation data were compared to SAMPLE LOCATION 

codes in the ST{date}.db table. No inconsistencies were found between 

SAMPLE LOCATION codes in the tables. 

0 The DA(date}.db and DB{date}.db tables were checked for consistency of 

analytical result units for each CHEMICAL NAME. Records with inconsistent 

units were corrected. 

0 The DA{date}.db table was queried to verify it did not contain any QC samples 

or R-validated/qualified data. No QC samples or R-validated/qualified data were 

found. 

0 The DA(date}.db table was queried to verify it contained data for the following 

SAMPLE TYPES only: SS-surface soil plots, PT-pit trench soil samples, SW- 

surface water, SD-sediment, GW-groundwater, and BI-biota. These SAMPLE 

TYPES were found along with several records with "UN" (unknown) in the 

SAMPLE TYPE field. The records with "UN" were corrected. 

0 Sample locations contained in the DG(date}.db table for each medium were 

checked against the GIS plots to verify all sample-location data were transferred 

to ARCIINFO. Sample locations were found to be consistent between the 

DG(date}.db table and the GIS plots. 
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Ten percent of the analytical data displayed on the GIS plots was checked 

against the NEW RESULT field in the DA(date}.db table for corresponding 

sample locations to verify that the analytical data were accurately transferred to 

ARCIINFO. No errors were found in the analytical data on the GIS plots. 

Additionally, a QC check of the cleanup script was performed using a sample data set that 

contained historical data, QC data, and redundant records. No errors were found in the data 

set after cleanup; historical records and QC data were separated, and redundant records were 

placed into the appropriate REJECT tables, as described in Subsection A-3.0. 
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AlTACHMENT 1 STATISTICAL COMPARISON OF 1983/1984 SEDIMENT 
DATA AND RFI/RI SEDIMENT DATA 

Note: The 1983/1984 sediment data are referred to as "Setlock historical" data in this 
memorandum. 
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TO: Amy LangeDEN 

COPIES: Mike BedanDEN 
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SUBJECT: Statistical Comparison of Setlock and RFEDS Data 

PROJECT: DEN30181 .X1.08 

The Setlock historical plutonium 239/240 sediment data for Standley Lake and Great 
Western Resemior (GWR) has been statistically compared to the RFEDS plutonium 
239/240 sediment sample data to determine if there is a significant difference in the 
means of the data sets. For the Standley Lake sediment data, there is not a 
si,onlficant difference in the means of the Setlock and RFEDS data sets at a 95% 
confidence level. The data could be combined for future data analysis. For the 
GWR sediment data, there is a sigmficant difference in the means of the data sets. 
The GWR Setlock plutonium data should not be used for future data analysis. Q 
The following describes the analytical method used. The data analyzed are shown in 
Attachment 1 to this memo. For four of the Standley Lake sample locations 
(SEDO9492, SED09592, SEDO9692, and SED09792) there are three RFEDS samples. 
In order to do a statistical t-test paired by location (as requested by EG&G), there 
needs to be one Setlock and one RFEDS sample value per location analyzed. To 
accomodate this, the R E D S  data was summarized two different ways. One way was 
to use the one RFEDS value at each of the four locations that was sampled in the 
same time frame as the other WEDS data used (see column STRFRES in 
Attachment 1). The other way was to average the three RFEDS values at each of 
the four sample locations with more than one R.F'EDS value (see column RFEDSAV 
in Attachment 1). 

A t-test for paired comparisons was performed determine if there is a si@cant 
difference between the Setlock and RFEDS data. This comparison tests whether the 
mean of sample differences between pairs of data is significantly different from zero. 
The standard error over which this hypothesis is tested is the standard error of the 
mean difference. 
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Attachment 2 shows the results of three comparisons using SYSTAT software: 
Standley Setlock vs. RFEDS (for same date samples at the four locations) 
Standley Setlock vs. RFEDS (for average samples at the four locations) 
GWR Setlock vs. REEDS. 

For each comparison, a probability is shown. This is the probability of seeing such a 
difference in the means of the two data sets given that the null hypothesis of the 
difference in the means being significantly different from zero is true. If the 
probability is high we do not reject the null hypothesis and conclude there is no 
significant difference in the means. If the probability is low, we reject the null 
hypothesis and conclude there is a significant difference in the means of the data sets. 

For the Standley Lake comparisons it did not matter what sample values were used 
for the four locations with multiple RFEDS samples. Both comparisons showed the 
means are not significantly different with 95% confidence (PROB=0.530, 0.529). The 
GWR comparison shows the means to be sigmficantly different with 95% confidence 
(PROB = 0.026). 

A review of the summary statistics for each of the data groups shown in Attachment 2 
reflects these conclusions. The mean of the Standley Lake Setlock data (0.061) is not 
much different from the REEDS data summarized two difFerent ways (0.045). The 
mean of the GWR Setlock data (0.239) appears to be greater than the GWR RFEDS 
data (0.094). 

~ 

The Standley Lake Setlock data can be appropriately combined with the RFEDS data 
for future data analysis. The GWR Setlock data should not be used for further data 
analysis. 
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ATt%%W7Eh/T 2 
PPTRED T-TEST OF SETLOCK DATA TO RFEDS SAMPLE DATA 
I 7 / 2 3 / 9 3  1:17:30 PM A:\SET2.SYS 

ST SETRES S T RFRE S R FE D S AVG 

N OF CASES 
MINIMUM 
MAXIMUM 
M ! a N  
STANDARD DEV 

N OF CASES 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEV 

2 0  2 0  2 0  
0 f 0 0 0  0 . 0 0 1  0 . 0 0 1  
0 . 5 5 3  0 . 1 9 0  0 . 1 9 0  
0 . 0 6 1  0 . 0 4 5  0 . 0 4 5  
0 . 1 1 8  0 . 0 4 6  0 . 0 4 6  

GWRSETRE GWRRFRE S 

1 5  1 5  
0 . 0 1 3  0 . 0 1 4  
0 . 9 9 1  0 . 1 8 7  
0 . 2 3 9  0 . 0 9 4  
0 . 2 5 3  0 .049  

PAIRED SAMPLES T-TEST ON STSETRES VS S T R F R E S  2 0  CASES WITH 

' .N DIFFERENCE = 0.017 
'SJ DIFFERENCE = 0 . 1 1 5  
T =  0 . 6 4 0  DF = 1 9  PROB = 0 . 5 3 0  

PAIRED SAMPLES T-TEST ON STSETRES VS RFEDSAVG. WITH 2 0  CASES 

MEAN DIFFERENCE = 0.017 
S D  DIFFERENCE = 0 . 1 1 6  
T =  0 . 6 4 1  DF = 19  PROB = 0 . 5 2 9  

PAIRED SAMPLES T-TEST ON GWRSETRE VS GWRRE'RES 

MEAN DIFFERENCE = 0.145 
S D  DIFFERENCE = 0 . 2 2 5  
T =  2 . 4 9 5  DF = 1 4  PROB = 0 . 0 2 6  

WITH 1 5  CASES 



ATTACHMENT 2 
REVISION TO STATISTICAL COMPARISON OF 1983/1984 SEDIMENT 

DATA AND RFI/RI SEDIMENT DATA 

Note: The 1983/1984 sediment data are referred to as "Setlock historical" data in this 
memorandum. 
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Revision to Statistical Comparison of Setlock and OU3 RFIiRI Data 

DEN30 181 .X1 .OS 

INTRODUCTION/F’URPOSE 

The Setlock historical plutonium 239/240 sediment data for StandIey Lake and Great 
Western Resemior (GWR) are statistically compared to the OU3 WVRI plutonium 
239/240 sediment sample data to determine if it is appropriate to combine the Setlock 
data with the OU3 RFI/RI data for further data analysis. 

This memorandum is a revision to the oriQinal analysis performed in July (reference 
memorandum dated 7/23/’93). The original analysis was performed using a paired 
t-test. The OU 3 Work Plan (reference 21100-WP-OE3.1, section 6, revision 1, p. 29) 
specifies that the analysis will be performed using another -e of paired analysis; 
referred to in the Work Plan as the Sign test. However, the statistical test described 
in the OU 3 Work Plan is known as the Wilcoxon signed rank test. There is another 
statistical test for paired data called the Sign test but it is not the test described in the 
Work Plan.. The Sign test is less efficient than other statisrical tests for detecting true 
differences between data sets (Snedecor and Cochran, 1989). Therefore, the paired t- 
test and Wilcoxon signed rank test are used for this analysis. This memorandum 
summarizes the results of the paired t-test and Wilcoxon signed rank test. 

APPROACH 

The hypothesis tested is that the Setlock historical plutonium activity levels are 
greater than or equal to the OU3 RFI/RI plutonium activity levels. The Setlock and 
OU3 RFIRI data are matched by sample location and therefore treated as paired 
data. The null hypothesis is that the median of the population of paired differences is 

‘ 

equal to zero. Thi alternative hypothesis is the median difference-is not equal to 
\ zero. 
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If the null hypothesis is not rejected (i.2.. the median differences equal zero). then it 
is concluded that the Setlock histoncai data are nor significantly different from rhe 
OU3 RFL'RI sample dara 2nd rhe dam are combined for further analysis. If the null 
hypothesis is rejected. then it is conciuded Ihat ;he Setlock data are sigificantly 
differenr from the O W  RFI/RI samuie dam. Further analysis would then be 
performed to determine if the Seriock dara are significantly higher or lower than the 
OU3 RFIRI data. If the Setlock data are significantly higher the data are still 
combined with the OU3 RFI/RI data for further analysis. This approach is 
conservative in that higher historical plutonium activity levels will increase the OU3 
RFI/RI activity levels. If the Setlock data would be significantly lower than the OU3 
RFI/RI data a reevaluation of the data would be performed as this would be an 
unexpected resuIt. 

Two different types of statistical comparisons for paired data are performed. The 
paired t-test is a parametric test that assumes the population of the differences in the 
pairs are normally distributed and compares the mean of the population of paired 
differences to zero. (In a normal distriiution the mean is the same as the median.) 

The Wilcoxon signed rank test is a nonparametric test that makes no distributional 
assumptions about the data. This test determines whether the median of the 
population of paired dserences is equai ro zero. The test is more efficient than the 
t-test for detecting differences in the two groups of data when the data are not 
normally distributed. The Wilcoxon signed rank test is also appropriate for when the 
population of the paired differences in the data have heavy-tailed distributions and 
contain outliers (Snedecor and Cochran. 1989). 

The comparison approach is the same whether using a paired t-test or Wilcoxon 
signed rank test. For each comparison, a probability is shown. This is the probabiliq 
of observing the results of the two data sets given the null hypothesis that there is no 
difference in the medians (means) is true. If the probability is high, we do not rejecr 
the null hypothesis and conclude there is no significant difference in the medians. If 
the probability is low, we reject the null hypothesis and conclude there is a significant 
difference in the medians of the dara sets. 

! ANALY s I s 

The GWR and Standley Lake sediment plutonium data are shown in Tables 1 and 3, 
respectively. In Table 2, four of the Standley Lake sample locations (SED09492. 
SED09592, SED09692. and SED0972) have three OU3 RFI/RI samples per location 
which were collected on diffcrent dates. In order to perform a statistical test with 
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SETLOCK 
SAMPLE # 

GWR-EGO 1 

data paired by location. there needs fo be one Setlock and one OL'3 RF1,RI sample 
value per location analyzed. To accomodare rhis. the OU3 RFIRI data are 
summarized mo different ways. One wav is to use the one OU3 RFI/RI value at 
each of the four locations that was sampied in the same time frame as the other OU3 
RFI/RI data used. The other way is to average the three OU3 RFI/RI values at each 
of the four sample locations. These rwo ways of summarizing the data for analysis 
are shown in Table 2. Not all of the Setlock plutonium data available are used in 
these analyses. Only those samples which have a corresponding OU3 RFI/RI sample 
are used. 

OU3 RFI/RI SETLOCK OU3 RFI/RI 
SAMPLE # ( P W >  ( P W )  

SED 12892 0.078 0.0460 

T m L E  1. GWR SEDIMENT PLUTONIUM ACTIVITY DATA 

GWR-EGO3 

GWR-EGO4 

SED 13092 0.064 0.0419 

SED13192 0.056 0.1060 

GWR-EGO9 

GWR-EG13 

SED 13 3 92 0.406 0.0827 

SED13492 0.237 0.1030 

11 GWR-EG14 I SED13592 1 0.278 1 0.1400 

GWR-EG16 SED13692 

GWX-EGIS SED13792 

0.237 0.1190 

0.157 0.1060 

GWR-EG26 

GWR-EG2S 

11 GWR-EG32 I SED14392 I 0.140 I 0.1250 

SED 13992 0.407 0.0939 

SED 141 92 0.024 0.0250 

~~~ 

11 GWR-EG36 1 SED14492 I 0.013 1 0.0143 

(1 GWR-EG35 I SED14592 I 0.991 I 0.1533 

11 GWR-EG41 I SED14692 1 0.065 1 0.0667 

11 GWR-EG33 1 SED14792 I 0.430 I 0.1872 
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TABLE 2. STANDLEY LAKE SEDIMEYT PLUTONIUM ACTIVITY DATA 

SETLOCK 
SAMPLE rr" 

OU3 SETLOCK 
RFIiRI (pCi/s) 

SAMPLE rr" 

OU3 RFT/RI OU3 0u3 

same dare avg 
( p Ci/,o) RFIRI. RFIiRI. 

T 

SL-48 1 SED09492 1 0.047 0.00692. 
0.039, 0.02409 

SL-33 

SL-06 

SL-IO 

SL-29 

SL-47 

SL-12 

SL-17 

SED09592 0.014 

SED09692 0.000 

SED09792 0.050 . 

SED09S92 0.067 

SED09992 0.041 

SED10192 0.057 

0.017, 0.0186, 0.0156 0.0272 

0.01, 0.013, 0.0130 0.0125 

0.04598 

0.01438 

0.00212, r 0.01809 1 0.0131 / /  
0.019, 0.01809 

0.1895 0.1895 0.1895 

0.0325 0.0325 0.0323 

0.0391 I 0.0391 I 0.0391 11 
I ! 

SL-09 SED10292 0.041 0.0324 0.0324 0.0324 

SL-os SED10392 0.029 0.0377 0.0377 0.0377 1 
SL-45 SED 10492 0.071 I 0.0367 1 0.0367 0.0367 

6 

SL-35 SED 10592 0.553 0.0726 0.0726 0.0726 

SL-52 SED 10692 0.027 0.0267 0.0267 0.0267 

SL-42 SED10792 0.079 0.0447 0.0447 0.0417 

SL-26 SED 10892 0.018 0.0170 0.0170 0.0170 

SL-30 SED 10992 0.069 0.1440 0.1440 0.1440 1 
SL-0 1 SED 11092 0.000 0.001 1 0.0011 0.001!1 

SL-3s SED11 192 0.020 0.0153 0.0153 0.0153 

SL-37 1 SED11392 1 0.023 I 0.0599 I 0.0599 I 0.0599 11 
SL-40 SED1 1392 0.014 0.0117 I 0.0117 I 0.0117 11 
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COMPARISON 

GWR Setlock vs. 
ou3 RFVRI 

Standley Setlock 
vs. OU3 RFVRI, 

same date samples 

Standley Setlock 
vs. ou3 RFIRI, 
avg of samples 

The paired t-test and Wilcoxon signed - rank zest are used to make the following 
comparisons: 

GWR Setlock vs. GWR OU3 RFI/RI 
Standley Setlock vs. Standley O W  RFI/RI (same date samples) 
Standley Setlock vs. Standley OU3 RFI/RI (average samples). 

DIFF DDFF T-STAT DF PROB DIFF? 
MEAN SD 

I 0.145 0.225 2.498 14 0.026 

0.017 0.115 0.640 19 0.530 NO 

0.017 0.116 0.641 19 0.529 NO 

The results of the paired t-test are shown in Table 3. The mean and standard 
deviation of the differences are shown for each comparison. These starisrics are used 
to calculate a T-statistic that is used with the degrees of freedom (equal to the 
number of samples minus one) to determine the probability of seeing such a result 
given the null hypothesis that the mean of the differences is zero. 

TABLE 3. RESULTS OF PAIRED T-TEST 

The GWR comparison shows the means to be significantly different with 95% 
confidence (i& PROB=0.026 is less than 0.05). For the Standley Lake comparisons 
it does not matter what sample values are used for the four locations with multiple 
OL'3 RFI/RI samples. Both comparisons show the means are not significantly 
different with 95% confidence (i-e., PROB=0.530, 0.529 are greater than 0.05). 

Table 4 shows the results of the Wilcoxon signed ranks test. This nonparametric ! 
approach calculates a 2-statistic based on ranks of the data. This 2-statistic is used 
to determine a probability using normal approximation. This is the probabiiity of 
seeing such a result given the null hypothesis that the median of the paired 
differences is zero. 0 
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2-STATISTIC PROBABILITY DIFFEREYCE? 
GWR Sexlock vs. 

OU3 RFI/’RI 

I 
-2.669 1 

I 
0.008 

Standley Setlock 
vs. OU3 RFIRI, 

same date samples 

vs. OU3 RFIRI, 
avg of samples 

Standley Setlock 

YES 

-0.075 0.940 NO 

-0.019 0.985 NO 

STATISTIC 

No. of cases 

The GWR comparison shows the medians to be siac3nicantly different with 95% 
confidence (PROB=0.008 is less than 0.05). For the Standley Lake comparisons it 
does not matter what sample values are used for the four locations with multiple 
OU3 €ZFI/RI samples. Both comparisons show the medians are not sigmficantly 
different with 95% confidence (PROB=0.940, 0.985 greater than 0.05). 

STANLEY STANLEY STANLEY 
SETLOCK ou3 ou3 

RFI/RI RFI/RI 
(same dare) (a%> 

10 20 20 

A review of the summary statistics for each of the data groups shown in Table 5 
reflects these conclusions. The mean and median of the Standley Lake Setlock data 
are not much different from the OU3 RFI/RI data summarized two different ways. 
The mean and median of the GWR Setlock dara appear to be greater than the GWR 
OU3 RFI/’RI dara. 

GWR 
SETLOCK 

i 15 

TABLE 5. SUMMARY STATISTICS FOR SETLOCK A i D  OU3 RFILRI DATA 

GWR 
OU3 

RFIiRI 

15 

Minimum 

iMaximum 

Mean 

0.000 0.001 0.001 0.013 0.014 

0.55; 0.190 0.192 0.991 0.1d  

0.06 1 0.045 I 0.045 0.339 0.094 

Median 9.035 0.032 0.032 0.157 0.103 

Std. Dev. 0.118 0.046 0.046 0.253 0.019 @ 
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CONCLUSION/SUhIivWRYY 

The Setlock data are compared with the OU3 RFURI data for Standley Lake and 
Great Western Reservoir using two different statistical tests (paired t-test and 
Wilcoxon signed rank test). Both statistical tests show no significance difference in 
the Setlock and OU3 RFI/RI data for Standley Lake at 95% confidence. Both 
statistical tests results show a significant difference in the Setlock and OU3 RFURI 
data for Great Western Reservoir at 95% confidence. However, the mean and 
median activity level of the GWR Setlock pIutonium data are higher than the GWR 
OU3 RFI/RI plutonium data. 

Based on these results, the Setlock data for both GWR and StandIey Lake can be 
appropriately combined with the OU3 FSI/RI data for future data analyses. 



NOTE: The only background data that should be used (for OUs 3 through 16) in the OU v. 
Background comparisons, are those ASCII files dated 9-30-93 or later. Previous information 
regarding instrument detection limits, and earlier file generations of the background data 
should be discarded. 

PRACTICAL SUGGESTIONS FOR USERS OF RFEDS DATA (3-28-94) 

The standard RFEDS output format changed on February 21, 1994. The old output format is given 
here as Appendix A; the new output format is given here as Appendix B. 

In general, there are actually three related issues that may arise for users of WEDS data: 

(1) How to deal with multiple detection limits 
(2) How to treat non-detects 
(3) How to perform data cleanup 

1.0 MULTIPLE DETECTION LIMITS 

The standard reporting format for RFEDS data (through 1993) gives one field for the 
reported detection limit. Unfortunately, this one field may contain either of three variables; 
the instrument detection limit (IDL), the method detection limit (MDL), or the contract- 
required detectiodquantitation limit (CRDLKRQL). The si,onificance of these three 
different types of detection limits is that, for inorganic analytes (Le., metals and water- 
quality parameters), the CRDL may be one to two orders of magnitude greater than the 
corresponding IDL for a particular analyte. 

The "Gansecki rule" was proposed (in EPA comments on the 1990 Background 
Geochemical Characterization Reporr) as an attempt to eliminate the high-value non-detects 
from the data set. The "Gansecki rule" calls for exclusion of all non-detects greater than 
two times the minimum reporting limit; however, this "rule" has. come under criticism as 
arbitrary and possibly not technically defensible. 

1.1 Summary and Recommendations 

* Decisions based on a graphical review of the data distribution are thought to be more 
technically defensible than the general application of an arbitrary rule (Le. the "Gansecki 
rule"), even if the "rule" comes from EPA comments. The use of professional judgement 
and technically arguable reasoning are recommended in place of the "Gansecki rule. 'I It is 
incumbent upon the data users to document all steps in their analysis of RFEDS data. 

EG&G will review the graphics jointly with the subcontractor, and provide guidance at this 
point in the data analysis. 



* The values of CRDLs for metals, as given in EPA SOW for Inorganics Analysis, should 
be compared with the data set to ascertain what percentage of the data is reported as the 
value of the CRDL (see Table 1). EG&G will review the data jointly with the 
subcontractor, and give directions on how to proceed. 

Analyte CRDL (ug/L) 

Aluminum 200 
Antimony 60 
Arsenic 10 
Barium 200 
Beryllium 5 
Cadmium 5 
Calcium 5000 
Chromium 10 
Cobalt 50 
Copper 25 
Iron 100 
Lead 3 
Magnesium 5000 
Manganese 15 

Nickel 40 
Potassium 5000 
Selenium 5 
Silver 10 
Sodium 5000 
Thallium 10 
Vanadium 50 
Zinc 20 

Mercury 0.2 

Cyanide 10 
--------------------________________^___---------~------------------------------------------------- 

2.0 TREATMENT OF NON-DETECTS 

For those data sets containing censored data, the method of replacement affects the value 
obtained for the mean and upper confidence limit (UCL) . The mean and skewness generally 
increase in deviation from the true values, as the proportion of non-detects increases. The 
deviation from true mean value is also greater as the amount of skewness increases. 
Maximum Likelihood Estimation (MLE) generally does a better job of estimating skewness 
than does simple substitution. 



Sanford el al. (1993) tested the "accuracy" of different replacement methods for non-detects, 
evaluating the accuracy of different methods by the root mean square error and by a scoring 
system. Sanford et aZ. (1993) concluded that the performance of the different replacement 
methods were, as follows: 

SCORNG OF DIFFERENT REPLACEMENT METHODS 

MLE Simule Sub. D ~ O D  Non-detects 

40 70 Non-detects 93 % 89 % 64 % 

80 70 Non-detects 61 70 54% 29 % 

Therefore, for as inuch as 80-percent non-detects, simple substitution and MLE have been 
shown to have similar "strength" (see Sanford et al., 1993). In cases with greater than 80- 
percent non-detects, the results obtained from simple substitution and MLE may be quite 
different, and can lead to different - possibly opposite - conclusions. 

Certainly the worst possible treatment of non-detects is to drop them from the data set 
(Helsel, 1990; Sanford et al., 1993). Non-detects should INEVER be excluded from any 
statistical comparison of OU versus background data. 

Given the cumulative uncertainties throughout the processes of sampling and chemical 
analysis, the possible error introduced by using simple substitution rather than using MLE 
replacement of non-detects is probably acceptable. The standard practice for treatment of 
non-detects, as given in EPA statistical guidance for RCRA sites (1989, 1992), calls for 
simple substitution using 'h the detection limit, for non-detect rates of as much as 15 
percent. 

2.2 Summary and Recommendations 

* Data for which all unit designations are blank, should be deleted from the working data set 
if it is not possible to obtain verification of units. 

* As  a replacement value for any non-detect prior to standard statistical analyses, the data user 
may choose to do the following 

> Use the reported detection limit, for replacement of non-detects. 

> Maximum-likelihood methods (see Helsel, 1990), in which non-detects are fitted to 
a distribution and assigned a range of values, may also be used as a method of 
replacing non-detects. (NOTE: This method does require the analyst to choose a 
distribution - either lognormal or normal - to assign values to non-detects. The 
analyst should also be aware of back-transformation bias in the case of log- 
transformed data.) 

Based on the study of Sanford et aZ. (1993) and EPA CERCLA guidance, the 



recommendation of EG&G is to use lh the reported detection limit as a replacement value 
for analytes with as much as 80-percent non-detects. For analytes with a non-detect rate 
of greater than 80 percent, the use of inferential statistical analysis is not recommended. 
EG&G will provide additional guidance for treatment of these high-rate non-detects. 

i 

* All data for radionuclides should be used as detects, except for rejected data (validation code 
= R). For liquid samples, radionuclide data are generally given in units of PCI/L; for 
solids, radionuclide data are in PCI/G, except for TRITIUM data, which are always in units 
of PCI/L. 

* For organics, the result qualifier should be used to determine the percentage of non-detects. 
Non-detects for organic analytes are generally qualified "U" , but other designations may 
also appear in the result-qualifier field (for additional information about result qualifiers (see 
attached Appendix C). 

"Hits" of some common lab contaminants such as acetone, methylene chloride, and certain 
phthlates may indicate contamination if detected in the associated lab blank; such sample 
results are designated by a "3" in the result-qualifier field. EPA guidance for risk 
assessment (1989 EPA/540/1-89/002) indicates that if the concentration of a common lab 
contaminant in a sample is more than 10 times the concentration of the same analyte in the 
blank, then the sample result is taken to be a real "hit", not just lab contamination. For 
other analytes that are not typically found as lab contaminants, EPA guidance (EPA, 1989) 
states that if the concentration in the sample exceeds 5 times the concentration in the blank, 

e then the sample result is taken to be a real "hit", not just lab contamination. 

For metals and water-quality parameters, it may be ineffective to rely on the result qualifier * 
alone. The following criteria have been employed to differentiate detects from nondetects, 
and are suggested as guidelines for the data: 

> If the result-qualifier field contains a "U", the result is taken as a non-detect (Le., 
censored data point). 

> If the result-qualifier field is blank, the result is used as a detected value, barring 
evidence to the contrary. 

> If the result qualifier (for inorganics) is "B" (indicating that the result was above the 
IDL but below the CRDL), the result is taken to be a detected value (see Appendix 
C) . 

> Other characters also are found in the qualifier field, and, barring any other evidence 
to the contrary, these are generally accepted as detects. 

i 

* All data should be reviewed graphically (non-detects and detects together) prior to the 
application of any statistical tests. This will help to illustrate any potential problems, such 
as high-value non-detects (e.g., non-detect values reported as the value of the CRDL). If 
questions arise, EG&G will give guidance to the subcontractor after jointly reviewing the 
graphical presentations of the data. e 



3.0 ISSUES REGARDING DATA CLEANUP 

The so-called "data cleanup" of WEDS output is mostly a task to make the data consistent. 
This consists of a thne-consuming series of steps (which should be documented by the data 
user) including the standardization of units, standardization of ,oeologic codes, 
standardization of locations if the location designation has changed over time, 
standardization of analyte names (usage has changed over the years), deletion of blank 
"form-generated" records for which no results are given, exclusion of QC data (rinsates, 
etc.) from the working data set, removal of any rejected (Val = 'R') data, replacement of 
non-validated records with corresponding validated 'records (if available) , correction of 
incorrect units (e.g., pH should have 'PH' as the unit, not 'MG/L' as the unit), treatment 
of qc DUP/REAL pairs, appropriate use of DIL data, outlier analysis, etc. 

Upon receipt of WEDS data, the user should verify the field positions of all variables in 
the WEDS ASCII output file. After verification, the ASCII file may be transformed into 
data files for a specific software (e.g. , SAS, Lotus, Excel, SPSS, etc.) to be used in the data 
manipulation. It is recommended that the user create successive generations of the data files 
rather than just continually updating the original data file; this simplifies data analysis if 
back-tracking is required for any reason. 

Successive generations of data files may proceed as follows (this is just a suggestion): 

(1) Original data fdes created from WEDS ASCII files; these fdes contain the entire 
WEDS data pull, including QC samples, rejected data, etc. 

(2) Second generation of data fdes, drop QC samples (except qc DUPs of DUI)/REAL 
pairs), rejected data, blank fonn-generaed records , tentatively identified compounds 
(TICS), etc. Create new variables, using validated data (where available) to 
supersede non-validated results, units, qualifiers, and detection limits. Standardize 
units within each analyte suite. Note that in the old WEDS output format 
(Appendix A) there were variable fields entitled "Qualifier" (lab qualifier) , 
"Validation" (the validation code), and 'VQual" (the validation qualifier). The 
validation qualifier ("VQual") should supersede the lab qualifier ("Qualifier"). The 
validation code (Validation") is a code, not a qualifier. 

In the new WEDS output format (Le., data extracted after February 21, 1994), the 
validation qualifier ("VQual") field is not present; rather, the validated qualifier will 
automatically replace the lab qualifier ("Qualifier"). The validation code field 
("Validation") will still indicate whether the da rn is acceptable (Validation = A, 
V, or JA), or rejected (Validation = R), or 0th r. 

Standardize location names if designations hav changed over time (check cross- 
reference listings of well location names, et .). Standardize geologic codes. 
Standardize analyte names (e.g. "PLUTON1 -239,240" = "PLUTONIUM- 
239/240", etc.). (NOTE: standardization of ana yte names and units should now be 

automatic in the new WEDS data output). 6 



3.1 

* 

* 

From (l), create a separate file with QC data for analysis of data quality. Check the 
PARCC parameters (precision, accuracy, representativeness, completeness, and 
comparability). 

NOTE: The averaging of qc DUP/REAL pairs may be too time-consuming to 
perform, and will most likely result in insignificant changes to numerical values. 
The following suggested averaging of qc DUP/REAL pairs should be done at the 
analyst's discretion. 

From (2),  create a third generation of data files with averaged DUP/REAL pairs 
(change REAL value to the mean value of the averaged DUP/REAL pair, then delete 
the DUP record). In the case of DUPs with no corresponding REAL record, change 
"DUP" to "REAL". (NOTE: Prior to averaging of DUP/REAL pairs, sort the data 
by LOCATION, SAMPLE NUMBER, SAMPLE DATE, and ANALYTE. This 
should bring together all existing DUP/REAL pairs). 

Treatment of DIL data requires the data analyst to find the analyte(s) that 
necessitated the dilution; these should have a qualifier of "E" (for exceedance). The 
DIL result(s) for the E-qualified analyte(s) should be used in the data analysis; other 
analytes may have results reported for the DIL sample analysis, but these results 
should be deleted if these analytes in the original undiluted sample were NOT 
qualified as "E". 

Outlier analysis, and exclusion of identified outliers from data analysis, may not be 
allowable by the regulatory agencies. That is, it is easy to argue that an extremely 
high value in background is probably an outlier that can be excluded from data 
analysis, but it is difficult to argue that an extremely high value in an OU is an 
outlier rather than contamination. 

The WEDS has shown continuous improvement in the quality of data contained in the 
system. Newer data (1992-93) are generally "cleaner" than historic (pre-1992) data. 
However, all data users need to be made aware of potential pitfalls before applying 
statistical tests to the data. The steps listed in the previous paragraph give a general 
overview for the process of data cleanup. 

Summary and Recommendations 

All data users should carefully document the steps used in the process of data cleanup. If 
questions arise, review of this documentation should be able to provide the necessary 
information; otherwise contact your EG&G project manager for additional information. 

WEDS and the Sample Management Group are committed to Continuous Improvement; 
recent data (1992 to present) have fewer problems than historic data (pre-1992). Issues of 
duplicate records, incorrect units, etc., are currently being addressed. 

The new WEDS program for uploading data now runs automatic checks to ensure 

t 



standardization of units and analyte names, checks to ensure that appropriate QC samples _ _  - 

are included, and checks for completeness of analyte suites. 
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BASIC AXALYTXCAL DATA E X L \ C T I O N  FOWAT DGSCRIEZON 

The out?ut f i l e  from a standarc! data e x t r a c t i o n  is A S C I I  C o n a t ,  
colu=,n delimited wi+& spaces used t o  fill o u t  column width. An 
aaeiticnal space hzs been added between columns f o r  l e g i b i l i t y .  

The requested data  e x t r a c t i o n  has t h e  follok-ing column f o m a t :  

FIELD 

Locztion 
Sample NumSer 
Project  N a m e  
Sample Type 
Sample QC Code 
Sanple QC Partner 
Sample Date 
Laboratory 
Lab Batch Id 
Analysis Date 
T e s t  Group Code 
Result  Type - 
CheIciczl 
P a r m e t e r  Code 
Run Nunber 
Count Nunber 
Lab QA Co6e 
Lab Slmple Number 
Result Quzlifier 
R e s u l t  
U n i t  Meesure 
Error 
Qualif ier  
Detecr L i m i t  
ValiCation 
Beasonl 
Xezson2 
Rezson3 
RecsonC 
VRescLt 
Wni': 
VQuzl 
V D e t e c t  
Val idat ion  Date 
Sequence id (RFZDS 

STARTING 
POSITION 

1 
17 
38 
54 
57 
62 
83 
93 
99  

. 115 
125 - 
136 
140 
161 
193 
197 
201 
206 
2 17 
219 
230 
241 
252 
258 
269 
272 
276 
280 
284 
288 
299 
310 
316 
327 
337 

FIELD 
LENGTH 

15 
2 0  
15 
2 
4 

20 
9 
5 

15 
9 

10 
3 

40 
11 
3 
3 
4 

10 
1 

10 
10 
10 

5 
1 0  

2 
3 
3 
3 
3 
10 
10 
5 

10 
9 1  10 



- .  The ourgut ILLS from a standard data extrac t ion  is ASCII fomat ,  
mlunr,  d e l i a i t e c i  w i t h  spaces used t o  fill o u t  c z i u m  width. .?a 
additionaL ssacc has  been added becwesn columns for l es iS i lF ty .  

The reqxstsci, d a t a  excraccion has t h e  fol lowing columii f o n a t :  
ADDITIONAL SPACE = 1 

FIELD STARTING 
POSITION 

FIELD 
LZNGTE 

r Locat ion 
1 Sample Number 
Project Nane 
Sample Type 

Sample QC P a r t n e r  
Sample D a c s  [s(.i.kl 
Laboratory 
Lab Batck Id 
k a l y s i s  Dace 

' T e s t  G ~ O U ?  Code (qcouql 
( * R e s u l t  Type (,'a) 

I Chemical 
r oarameter Code 

Run Number 
Count Number 
Lab QA Cede 
Lab Sample Number 
R e s u l t  Q u z l i f i e r  

Unit Measurz Cu i tb )  

4 Sample QC 

' R e s u l t  

J Error 
, Q~i;alif ler 
- Derect Limlz [d;KLk) - Validation tylLl) 

Reasonl r'l 
. Reasor2 r3, 
' .ieisc;l3 r.3 - Reasor,4 r 4  
Validaticn 3atc 
Seqcence Id (RFZDS I D )  
S e c a x k - y  X e s u l t  T m e  
MacrFx 
Lzb Dispos iz ion  

1 
17 
38 
sa 
57 
62 
83 
93 
99 

115 
125 
13 6 
140 
181 
193 
197 
201 
206 
217 
219 
230 
241 
252 
258 
269 
272 
276 
280 
284 

298 
309 
3 13 
322 

2 8 8  

15 
20 
15 
2 
4 

20 
9 
5 

15 
9 

10 
' 3  
40 
12. 
3 
3 
4 

io 
I 

io 
10 
10 

5 
10 
2 
3 
3 
3 
3 
9 

3 
8 

15 

t 



6 (delete? 

L 

N 

N 

N* 

R 

S 

a c  
UJ 

UN 

UN 

uw 

ux 
V 

W 

X 

organics: MS data indicate presence of compound but below 
detection limit (estimated value) 

inorganics: value greater than IDL but control sample analysis 
not within control limits (estimated value) 

undefined 

organics: compound presumed present (TIC) 

inorganics: spiked sample recovery not within 
control limits (estimated value) 

inorganics: spiked sample recovery and duplicate analysis not 
within control limits (estimated value) 

validation code for rejected data accidentally entered in lab 
qualifier field (unusable data) 

inorganics: the reported value determined by the method of 
standard additions 

organics and inorganics: analyte analyzed below detection limit 

organics: pesticide result confirmed but below detection limit 

organics: analyte analyzed but below detection limit 

organics: compound presumed present but below detection limit 

inorganics: spiked sample recovery not within control limits and 
sample result below detection limit 

inorganics: postdigestion spike for GFAA analysis is out of control 
limits and sample result is below detection limit 

validation code for valid data accidentally entered into lab-qualifier 
field 

inorganics: post-di,oestion spike for GFAA analysis is out of control 
limits while sample absorbance < 50% of spike absorbance 

organics (pre-1992): lab software flag (combines more than one 
qualifier, not defined). ** COMMENT: Do not include in analysis 
unless accompanied by a validated result. ** 

yes 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

Yes 

** 



X 

Y 

inorganics (pre-1992): detection limit greater than normal, spike 
matrix interference 

yes 

other (OU7 RF'I/RI samples): result by calculation defined in Yes 
GRRASP 

rads: chemical yield exceeded acceptable limits (estimated value) yes 

Note on the use of X qualifiers: X is defined in the GRRASP as a result determined by calculation, not by direct 
laboratory analysis. Therefore, for samples analyzed during the period that the GRRASP has been in effect (since January 
1992), the results qualified by an X will be treated as estimated values (similar to 3). For historic data, when the 
GRRASP was not used by laboratories, an X qualifier has two definitions. For organics, the X is a flag entered manually 
by the laboratory, but is not defined in WEDS. Therefore, organic results qualified by X are not considered usable data, 
unless a validated result is given. For inorganics, an X qualifier indicates that the detection limit for the anaiyte is higher 
than normal due to matrix interference. Inorganics qualified with an X will be treated like a J result. The X qualifier 
is sometimes also used with other qualifiers (Le., UX, XJ); in these cases, the meaning of X depends on the analyte and 
the date of the analysis. 

! 



- Code Definition 

J estimated result 

APPENDIX D 

VALIDATION CODES 

Include in Data Analvsis? 

Yes 

A acceptable result Yes 

JA acceptable result for estimated value Yes 

NOTE: (those data qualified with a “U” but having 
validation code of “JAW are still non-detects) 

R 

V 

Y 

z 

rejected result 

valid result 

no 

Yes 

not yet validated; validation in progress 

validation not required Yes 

Yes 
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Statistical Comparison of RFP OU 3 CDH and RFP Soil Samples 
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INTRODUCTION/PURPOSE 

This memorandum documents the statistical analysis that was performed to determine 
if the RF'P OU 3 Colorado Department of Health (CDH) soil sample data are 
signrficantly different from the Rocky Flats Plant ( W P )  soil sample data. The results 
indicated the two methods are not sigruficantly different and provide the basis for 
combining the data for further analysis, CDH and RFP data were analyzed and 
compared for the following radionuclides: Americium-241, plutonium-239/240, 
uranium 233/234, uranium-235, and uranium-238. 

APPROACH . 

The statistical hypothesis tested is that the CDH radionuclides activity levels are equal 
to the RFP radionuclides activity levels. The CDH and RFP soil data are matched by 
sample location and therefore are treated as paired data. The null hypothesis is that 
the median of the population of paired differences is equal to zero. The alternative 
hypothesis is the median difference is not equal to zero. 

If the null hypothesis is not rejected (i.e. the median of the differences is not 
significantly different from zero), then it is concluded that the median of the CDH 
data is not significantly different from the median of the RFP data and the data are 
combined for further analysis. If the null hypothesis is rejected, then it is concluded 
that the CDH and RFP sampling result medians are statistically significantly different. 

t 
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Two types of statistical comparisons for paired data were performed. The paired t- 
test is a parametric test that assumes the population of the differences in the pairs 
are normally distributed and compares the mean of the population of paired 
differences to zero. (In a normal distribution the mean is the same as the median.) 

The Wilcoxon signed rank test is a nonparametric test that makes no probability 
distribution assumptions about the data. This test determines whether the median of 
the population of paired differences is equal to zero. The test is more efficient than 
the t-test for detecting differences in the two groups of data when the data are not 
normally distniuted. The Wilcoxon signed rank test is also appropriate for when the 
population of the paired differences in the data have heavy-tailed distributions and 
contain outliers (Snedecor and Cochran, 1989). 

SAS statistical software PROCEDURE UNIVARIATE was executed on the 
differences of the CDH and RFP data paired by location. This S a  output (shown in 
the Appendix) gives results for the paired t-test and the Wilcoxon signed-rank test. 

The SAS output includes the mean and standard deviation of the differences for each 
comparison. These statistics are used to calculate a T-statistic that is used with the 
degrees of freedom (equal to the number of paired differences minus one) to 
determine the probability (known as the p-value) of observing the sample results of . 
the two data sets given the null hypothesis that the mean of the differences is zero. 
The T-statistic, sample size, and p-values (Pr> IT 1) are also shown in the SA3 PROC 
UNI output. 

In the Wilcoxon signed rank test the absolute values of the differences are ranked, 
the smallest differences being assigned rank 1. The ranks with the negative signs are 
totalled and the ranks with the positive signs are totalled. The smaller of these totals 
is the Sgn Rank (S-statistic) shown in the SAS output. The corresponding p-value 
(Pr> /SI) is also shown. 

The comparison approach is the same whether using a paired t-test or the Wilcoxon 
signed rank test. If the p-value is high @e.: greater than or equal to 0.05 for 95% 
confidence), we do not reject the null hypothesis and conclude there is no statistically 
significant difference in the median of the two data sets. If the probability is low @.e, 
less than O.OS), we reject the null hypothesis and conclude there is a statistically . 
significant difference in the medians of the TWO data sets. Statistically signscant 
differences in the medians of the CDH and RFP soil radionuclide activity level data 
are qualitatively evaluated to determine if the magnitude of the difference is 
physically or scientifically significant. 
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CDH- Diff Diff Std N t-test WSR 
RFP Mean Dev P-value P-value 

Am-241 0.00033 0.0428 57 0.9536 0.6533 

Pu-239 0.03985 0.1852 61 0.0981 0.9781 

Ur-233 0.07456 0.2267 60 0.0135 0.0134 

Ur-235 0.00342 0.03984 60 0.5087 0.5137 

Ur-238 0.07677 0.2447 60 0.0182 0.0151 

/240 

/234 

ANALYSISIRESULTS 

Diff? 

NO 
NO 

YES 

NO 

YES 

The SAS PROC UNI results for each radionuclide analyzed are shown in the 
Appendix to this memorandum. The results are for CDH minus W P  values for each 
sample location. N is the number of paired differences or sample locations. The 
results of the paired t-tests and Wilcoxon signed rank test are shown in Table 1. The 
mean, srandard deviation, N, and p-values are shown for each comparison. 

The t-test and Wilcoxon signed rank test results are consistent. The mean difference 
is positive for all the radionuclides indicating the CDH values are on the average 
higher than the RFP values. However, the uranium-233/234 and uranium-238 CDH 
and RFP comparisons show the only statistically si@cantly differences with 95% 
confidence @e., the p-values are less than 0.05). These two statistically s i m c a n t  
differences were evaluated further. 

. 

Summary statistics of uranium-233/234 and uranium-338 CDH and FSP methods are 
shown in Table 2. The difference in the means of the CDH and RFP method for 
uranium-233/234 is 0.075 pCi/g. The difference in the means of the means of the 
CDH and RFP methods for uranium-238 methods is 0.077 pCi/g. These differences 
were determined to not be physically significant. The other descriptive statistics for 
the CDH and RF'P groups for uranium-2331234 and uranium-238 were qualitatively 
considered to be similar. 

. 
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Based on the results of the paired statistical tests and a review of the descriptive 
statistics, it was determined to be appropriate to combine the CDH and RFP 
radionuclide soil sample data for further analysis. The data are combined by 
averaging the CDH and RFP values at each soil sample location. 

TABLE 2. DESCRIPTIVE STATISTICS FOR.CDH AND RFP UR-2331234 AND 
UR-238 SOIL SAMPLE DATA 



1 4 : 3 2  Thursday, January 27, 1554 1 

Variable=DIFF 

= cpM- aFP 
N 
Mean 
Std Dev 
Skewness 
uss 
CIJ 
T : Mean= 0 
 NU^ = 0 
M (Sign) 
Sgn Rank 

A 

100% Max 
75% 43 
50% Med 
25% Ql 
0% Min 

Range 
4 3 - 4 1  
Mode 

Lowest 

Moments 

57  
0 . 0 0 0 3 3 2  
0 . 0 4 2 7 8 8  

0 . 1 0 7 2  
0 . 1 0 2 5 3  

1 2 9 0 4 . 2 2  
0 . 0 5 8 5 0 7  

5 2  
1 

5 0  

sum wgts 
Sum 
Variance 
Kurtosis 
css 
Std Mean 
Pr>lTI 
Num > 0 

Quantiles (Def=5) 

0 . 1 8  99% 
0 - 006 9 5 %  

0 90% 
- 0 . 0 0 5  10% 

- 0 . 1 7 0 3  5% 
1% 

0 . 3 5 0 3  
0 . 0 1 1  

0 

Extremes 

Obs Highest - 
-0,1703 ( 5 4  1 0 - 0 2 5  

- 0 . 1 2 7 (  55)  0 . 0 2 7 1  
- 0 . 0 5 9 (  3 4 )  0 . 0 2 9 7  
- 0 . 0 2 1 (  56) 0 . 1 2 3  
- 0 . 0 2 1 (  4 4  0 . 1 8  

5 7  
0 .0189  

0 . 0 0 1 8 3 1  
11 .03164  
0 .102524 
0 .005667  

0 . 9 5 3 6  
27  

0 .8899 
0 .6533  

0 .18  
0 .0297  
0 .0239 
- 0 . 0 1 8  
-0 .059  

- 0.1703 

Obs 
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Variable=DIFF 

N 
Mean 
Std Dev 
Skewness 
uss 
cv 
T:Mean=O 
N U ~  "= 0 
M (Sign) 
Sgn Rank 

100% M a x  
75% 43 
50% Med 
25% Q1 
0% Min 

Range 
Q3-Q1 
Mode 

Lowest 

Univariate Procedure 

Moments 

61 
0.039848 
0 -185206 
3.659651 

464.7871 
1.680393 

57 
-0.5 
-3.5 

2.154938 

sum wgts 
SUm 
Variance 
Kurtosis 
css 

Quantiles (Def=5) 

0.91 99% 
0.019 95% 

0 90% 
-0.0178 10% 
-0.234 5% 

1% 
1.144 

0.0368 
0 

Extremes 

Obs Hishest - 
-0.234( 57) 0.22 ( 
-0'.l47( 5 9 )  0.3 ( 

-0.0871 ( 25) 0.436( 
-0.0741( 44) 0.9( 

-0.07( 26) 

61 
2.4307 

0.034301 
15.00187 
2 -058081 
0.023713 

0.0981 
28 

1.0000 
0.9781 

0.91 
0.3 
0.16 

-0.048 
-0.0741 
-0,234 

i 



1 4 : 3 2  Thursday, January 2 7 ,  1994 3 

Variable=DIFF 

Moments 

N 
Mean 
Std Dev 
Skewness 
uss 
cv 
T :Mean=O 
 NU^ = 0 
M(Sign) 
Sgn Rank 

A 

100% Max 
75% 43 
50% Med 
2 5 %  Q1 
0% Min 

Range 
Q3 -Q1 
Mode 

Lowest 

60 Sum Wgts 

0 . 2 2 6 6 9 7  Variance 
- 0 . 2 7 5 6 5  Kurtosis 

3 0 4 . 0 3 9 2  Std Mean 
2 . 5 4 7 6 8 7  Pr>lTI 

5 8  Num > 0 
9 Pr>= M 

315  Pr>=/SI 

C E Z r g  sum 

3 . 3 6 5 6 5 8  css 

Quantiles (Def=5) 

60  
4 . 4 7 3 7  

0 . 0 5 1 3 9 1  
- 0 .37912  

&#%2%.2 
0 . 0 1 3 5  

0 . 0 2 4 7  
0 . 0 1 3 4  

3 8  

0 . 5  9 9 %  0 . 5  
0 . 2 3 6 5  95% 0 . 4 1  

0 . 0 9  90% 0 . 3 8  
- 0 . 0 8 5  1 0 %  - 0 . 2 0 1 5  
-0.501 5% - 0 . 3 1  

1% -0,501 
1.001 

0 .3215  
0 . 0 9  

Extremes 

Obs Hishest Obs 
-0.501( 4 8 )  0 . 4 (  1 4 )  

- 0 . 4 (  4 6 )  0 . 4 (  1 8  1 
- 0 . 3 7 (  16 1 0 . 4 2 (  3 5 )  
- 0 . 2 5  ( 2 1 )  0 . 4 5 (  1) 
- 0 . 2 3  ( 5 3 )  0 .5 (  50 1 
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Variable=DIFF 

Moments 

N 60 Sum Wgts 60 
Mean 0.00342 Sum 0.2052 
Std Dev 0.039842 Variance 0.001587 
Skewness -0.02913 Kurtosis 3.619726 
uss 0.094356 CSS 0.093655 
cv 1164.964 Std Mean 0.005144 
T:Mean=O 0.664911 Pr>lT] 0.5087 
N U ~  "= 0 
M(Sign) 
Sgn Rank 

100% Max 
7 5 %  43 
5 0 %  Med 
25% Q1 

0% Min 

Range 
43 -QI 
Mode 

Lowest 
-0.143( 
-0.053 ( 
-0.051( 

-0.0492( 
-0.048 ( 

56 Num'>.O 29 
1 Pr>= 0.8939 
81 Pr>=l!l 0.5137 

Quantiles (Def=5) 

0.128 99% 0.128 
0.021 95% 0.0785 

0 90% 0.0444 
- 0.01225 10% -0.04 

-0.143 5% -0.0501 
1% -0.143 

0.271 
0.03325 

0 

E x t  rernes 

Obs Highest Obs 
44 1 0.057( 61 
13 1 0.064( 28) 
10 1 0.093 ( 49 1 
43 1 0.093 ( 8) 
34) 0.128 ( 29 1 

i 



14:32 Thursday, January 27, 1994 5 

Variable=DIFF 

Moments 

N 
Mean 
Std Dev 
Skewness 
uss cv 
T : Mean=O 
 NU^ = 0 
M(Sign) 
Sgn Rank 

A 

100% Max 
75% Q3 
5 0 %  Med 
25% Q1 
0% Min 

Range 
43-41 
Mode 

0.244698 
0.775055 
3.886322 
318.7625 
2.430012 

55 
8.5 
286 

sum wgts 
SUm 
Variance 
Kurt os is 
css 
Std Mean 
Pr>lTI. 
Num > 0 

Quantiles (Def=5) 

60 
4.6059 

0.059877 
3.110143 zw 
0.0182 

36 
0.0300 
0.0151 

1.01 99% 1.01 
0 -20045 95% 0.45 
0.0794 90% 0.344 

- 0 . 0 8 3 5  10% -0.19 
- 0 . 5 6  5% - 0 . 2 8  

1% - 0 . 5 6  
1.57 

0 -28395 
0 

Extremes 

Lowest Obs Highest Obs 
-0.56( 35) 0.37( 2) 
-0*35( 26 0.44( 34) 
-0.3 ( 46) 0.46( 13 1 
-0.26( 47 1 0 . 6 5 (  59 1 
-0.2 ( 19 1 1.01( 5 0 )  
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APPENDIX B. BACKGROUND COMPARISON RESULTS - SAS OUTPUT FOR SURFACE SOILS 

Statistical Application Software (SAS) (SAS Institute, Inc., SAS Language: Reference, Version 

6, First Edition, Cary, NC) was used to  perform the statistical analysis and generate graphics. 

The series of statistical tests was performed as appropriate for each comparison of OU 3 

surface soil data to background data. As noted in Section 3.0, the statistical tests were 

performed for surface soil only and results are summarized in the attached tables. The UTL 

(hot-measurement), slippage, and Gehan tests were applied to all comparisons. The quantile 

and t-test were performed as appropriate (Gilbert, 1993). 

Table B-1 shows summary statistics and distribution test results for the surface soil parameters 

analyzed. The nondetect rates for background and site data are shown in the column 

"NONDETECT RATE." The nondetect rates of the background and site data combined are 

shown in the column "NONDETECT RATE COMBINED." These detect rates are used to select 

the appropriate statistical comparison tests to apply to the data. 

The last two columns in Table B-1 ("NORMAL P-VALUE" and "LOGNORM P-VALUE") are the 

results of the Shapiro-Wilk test for normality and lognormality, respectively, of the data. 

Lognormality is tested by applying the procedure to the natural logarithm of the data. The 

Shapiro-Wilk procedure produces a test statistic for the null hypothesis that the input data 

values are a random sample from a normal distribution. To determine whether to reject the null 

hypothesis of normality, the probability, or "p-value," associated with the statistic is examined. 

For 95 percent confidence, if this probability is less than 0.05, then the null hypothesis is 

rejected, and one can conclude the data do not come from a normal distribution. For example, 

in Table B-1, 24'Am background data follow a normal (p-value =0.87872) or lognormal 

(p-value =0.88258) distribution. However, 24'Am site data do not follow a normal or lognormal 

distribution (p-values<0.00000). The distribution of the data is another criterion that is used in 

selecting the appropriate statistical test to apply to the data. 

DEN1 001 5F4E.WP5 09/20/94/6:42pm 



Id 
u m a 
l-4 

-ti 
0 
cn 
a, 
U m 
w 
k 
3 
cn 
0 
u 
w 
w 
a, 
b 

; 
r i  
pc 

m 

rl 
I 
a 
a, 
rl 
A m 
E 

z w  coou)oocn(u(uu)cn 
m o o o r ~ ~ r l ~ r l  ?% c V o c n o T P m * o m r l  
c o o m o r o ~ o u ) ~  8 s  c o o r l o m o o o r o  

0 1  
dpc 0 0 0 0 0 0 0 0 0 0  

. . . . . . . . . .  
E I3 O O O O O O m m O O  u w ( u ( u 0 0 0 0 m m 0 0  
W M R  ~ c J o o o o m m o o  
b b H  ~ * O O O O m m O O  

w u ) o o o o m 1 1 1 o o  d w  c ~ o w o m ( u c o r m r l  
0 0 0 0 0 0 0 0 0 0  r o r l o m o r o r o  

0 u 0 0 0 0 0 0 0 0 0 0  r o ~ o w o m o r o  R 0 3  o 3 o r l o m o o o r o  

. . . . . . . . . .  g 2  a o c n o r o e o m o  

Zd 0 0 0 0 0 0 0 0 0 0  
. . . . . . . . . .  

E 0 ~ 0 0 0 0 ~ 0 0 0  u 0 ~ 0 0 0 0 u ) 0 0 0  w w  m m o o o o u ) o o o  
( u * o o o o u ) o o o  
u ) u ) o o o o ~ m o o  3 0 0 0 0 0 0 0 0 0 0  . . . . . . . . . .  3 0 0 0 0 0 0 0 0 0 0  z 

u 
\ 
H u 
PI 

a 
\ 
H u 
pc 

u 
\ 
H u 
pc 

u 
\ 
H u 
PI 

u 
\ 
H u 
PI 
H 
W 
II( 

u 
\ 
H u 
PI 

u 
\ 
H u 
PI 

a 
\ 
H u 
pc 

u 
\ 
H u 
PI 

o o m o o o o m o m  2 m r r ( u o o o c n o ( u  
H c n r c o ~ n o o o u ) o c o  
n r l m ~ ( c u o u ) ~ ~ o o  w o o o ( u ( u c n o o c J o  

o o o o r i o o o r l r l  
z . . . . . . . . . .  

o o o m c n o u ) m m o  
E o o ( u o m m r l r l c n r  

o o o o c n m o o m w  
H 0 0 0 0 0 0 0 0 0 0  

. . . . . . . . . .  
z2 I I  

o c n o a r o o w m r  
n o r l o m m ~ m r ~ m c n  
n o o o c o , i ( u o o r l ( u  

5 c o c o m m ( c u r l r l w 0 m  

r l m ( u m m m m ( u c n *  

E 
cn 0 0 0 0 0 0 0 0 0 0  

. . . . . . . . . .  



EG&G ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
HHRA Chemicals of Concern Identification, TM 4 
for Operable Unit 3 

Non-Controlled Document 

Section: 
Page: 

Appendix B 
3 0 f  19 

Table B-2 shows the samples that exceed the upper tolerance limit (UTL) for the Hot- 

Measurement test. Americium"' has 36 samples exceeding the UTL at 99 percent confidence 

for the 99th percentile, 238/240Pu has 62, 233/234U has one, and 238U has one. Four of the five 

parameters analyzed are considered a PCOC by this criterion. 

The results of all the statistical tests are shown in Table 8-3. The third column shows the 

number of samples exceeding the UTL. The next two columns in Table B-3 show the maximum 

value as well as number of samples greater than the calculated slippage value, respectively. 

The statistical tests columns show the p-values for the slippage, quantile, Gehan, and t-test. If 

the t-test column has a blank, then the data do not meet the test criteria and the statistical test 

was not performed. These p-values have the same meaning as the p-value for the Shapiro-Wilk 

test. If the p-value is less than 0.05, then we reject the null hypothesis of no difference 

between site and background and conclude that background is different from site with 

95 percent confidence. Based on these tests and the UTL, four of the five parameters are 

identified in the last column of Table 8-3 as PCOCs. 

Graphics were generated as visual aids for analyzing the data. Normal and lognormal 

probability plots, box plots, and histograms were generated for OU 3 surface soil and 

background for each analyte. 

The visual graphics for OU 3 surface soils are presented in Figures B-1 to B-10 as follows: 

Figure B-1 -Probability Plots for IHSS 199 Surface Soil Data 241Am 

Figure 8-2-Box Plots and Histograms for IHSS 199 Surface Soil Data 241Am 

Figure 8-3 - Probability Plots for IHSS 199 Surface Soil Data 238/240Pu 

Figure B-4 - Box Plots and Histograms for IHSS 1 99 Surface Soil Data 238'240Pu 

Figure 8-5 -Probability Plots for IHSS 199 Surface Soil Data 233'234U 

Figure B-6 - Box Plots and Histograms for IHSS 199 Surface Soil Data 233'234U 

Figure 8-7 - Probability Plots for IHSS 199 Surface Soil Data 236U 

Figure B-8 - Box Plots and Histograms for IHSS 199 Surface Soil Data 236U 
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e Figure B-9 -Probability Plots for IHSS 199 Surface Soil Data 238U 
0 Figure B-1 0 -Box Plots and Histograms for IHSS 199 Surface Soil Data 238U 

Probability plots provide a graphical means for analyzing the distribution of the data. On a 

probability plot, if the data are from a normal distribution, the plotted values fall on a straight 

line extending from the lower left corner of the display towards the upper right corner. The 

data were also log transformed and plotted again to check for a lognormal distribution of the 

data. For example, the Shapiro-Wilk distribution tests for 241Am are consistent with Figure B-1. 
In Figure B-1 background 241Am data appear to be on a somewhat straight line for data, and log 

transformed data, indicating normality and lognormality, whereas the 241Am OU 3 site data 

appear curved in the graphs, indicating the data follow neither normality or lognormality. 

A histogram is a pictorial representation of a frequency distribution. It shows the shape of the 

distribution and the frequency of different data values. The histograms shown in this appendix 

show the frequency of detect and nondetect values for OU 3 surface soil and background. 

Box plots are a graphical comparison of OU 3 surface soil data and background data. The box 

portion of each plot covers 50 percent of the data values, from the 25th to the 75th percentile. 

A horizontal line within the box indicates the median data value. The lines extending from each 

box reach adjacent values, which cover the range of the data set excluding outliers. Outliers 

are denoted with an “x.” For example, the box plot for 241Am shows the background data to 

have much less variation as well as a lower median. This is consistent with the statistical tests 

performed. 
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APPENDIX C. SUMMARY STATISTICS 

Appendix C presents a statistical summary of OU 3 data for surface soil, sediment, surface 

water, and groundwater for each IHSS and type (e.g., reservoir or stream). It should be noted 

that the summary statistics were developed after data protocols were applied but before the 

COC selection process. Summary statistics were performed on the RFEDS OU 3 data analysis 

source table. The summary statistics for each analyte by IHSS and type include number of 

detects, number of samples, frequency of detection, minimum and maximum nondetected 

values, minimum and maximum detected values, arithmetic and geometric means, standard 

deviation, normal 95 percent UCL, and lognormal 95 percent UCL. 

The normal 95 percent UCL is the upper 95 percent confidence limit on the arithmetic mean 

under the assumption that the distribution is normal, using t-statistics (EPA, 1992). The 

lognormal 95 percent UCL is the upper 95 percent confidence limit on the arithmetic mean 

under the assumption that the distribution is lognormal, using h-statistics (Gilbert, 1987; EPA, 

1992). 

The following is a list of summary statistics tables grouped by media, IHSS, and type: 

0 Table C-1 - IHSS 199 Surface-Soil Samples 

0 Table C-2 -Jefferson County Remedy acres Surface Soil Samples 

0 Table C-3 - IHSS 200 Great Western Reservoir: Reservoir Sediment Grab 

Samples 

0 Table C-4 - IHSS 200 Great Western Reservoir: Stream Sediment Grab Samples 

0 Table C-5 - IHSS 200 Great Western Reservoir: Reservoir Sediment Core 

Samples 

0 Table C-6 - IHSS 201 Standley Lake: Reservoir Sediment Grab Samples 
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Table C-7 - IHSS 201 Standley Lake: Stream Sediment Grab Samples 

Table C-8 - IHSS 202 Mower Reservoir: Reservoir Sediment Grab Samples 

Table C-9 - IHSS 202 Mower Reservoir: Stream Sediment Grab Samples 

Table C-IO-IHSS 200 

Samples 

Table C-11 -IHSS 200 

Table (2-12 - IHSS 201 

Table C-13 - IHSS 201 

Table C-14 - IHSS 202 

Table C-15 - IHSS 200 

Table C-16 - IHSS 201 

Great Western Reservoir: Reservoir Surface Water 

Great Western Reservoir: Stream Surface Water Samples 

Standley Lake: Reservoir Surface Water Samples 

Standley Lake: Stream Surface Water Samples 

Mower Reservoir: Reservoir Surface Water Samples 

Great Western Reservoir Groundwater Samples 

Standley Lake Groundwater Samples 
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All drawings located at the end of the document. 
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APPENDIX D. CONCENTRATION-TOXICITY SCREEN SUMMARY 

Appendix D contains tables summarizing the results of the concentration-toxicity screen 

performed on the OU 3 data (DA061094.DB). The objective of this screening procedure is to 

identify the chemicals in a particular medium and IHSS that, based on concentration and 

toxicity, are most likely to contribute significantly to risks calculated for exposure scenarios 

involving that medium and IHSS; thus, the risk assessment is focused on the "most significant" 

chemicals. The contamination-toxicity screen was performed following guidance developed by 

EPA in 

Manual (EPA, 1989). 

The contamination-toxicity screen was accomplished using a computer program (Paradox 

script) that performed the following steps: 

e 1 .  Chemicals that are considered essential nutrients and those chemicals that were 

detected in less than 5 percent of the samples were removed from consideration 

as COCs. 

2. 

3. 

4. 

The general parameters Gross Alpha 

data set. 

d Gross Beta were removed from the 

The data were grouped by medium (SAMPLE TYPE) and IHSS. For each 

chemical in each group, the maximum detected concentration was determined. 

The chemical risk factor was calculated either by multiplying the maximum 

chemical concentration by the corresponding slope factor (SF) for carcinogens 

or by dividing the maximum chemical concentration by the corresponding 

reference dose (RfD) for chemicals with noncarcinogenic effects. For chemicals 

with both oral and inhalation toxicity values, the more conservative toxicity 

factors (i.e., greater SF for carcinogens and lower RfD for chemicals with 

noncarcinogenic effects) were used to calculate the chemical risk factors. 

09/20/94/6:49pm DEN1001 5F5O.WP5 
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When possible, SF and RfD values were taken from the Proarammatic 

Preliminarv Remediation Goals (DOE, 1994) included as Attachment 1, 

Appendix E. 

5.  For each group, the total risk factor was calculated (Le., the sum of all the 

chemical specific risk factors). Using these totals, each chemical was assigned 

two percentage values (one for carcinogenic effects and one for non- 

carcinogenic effect) representing contributions to the total risk factor. 

The reports in this appendix show the results of the above process. The chemicals are ranked 

according to the percentage of their contribution to the total risk factor. The 

cumulative percentages are listed and those chemicals contributing to the upper 99-percent of 

the risk or hazard index are identified. 

Tables D-1 through D-9 summarize the results of the contamination-toxicity screen of OU 3 

data for surface soil, sediment, surface water, and groundwater. The screen performed for 

each analyte by IHSS and media type in Tables D-1 through D-9 include: 

rn Table D-1 a -Total Radionuclides - Surface Soils (Carinogenic Risk) 

rn Table D-2a -Total Radionuclides - Surface Sediments (Carinogenic Risk) 

rn Table D-3a -Total Non-radionuclides -Surface Sediments (Carinogenic Risk) 

rn Table D-3b -Total Non-radionuclides - Surface Sediments (Noncarinogenic 

Effect) 

rn Table D-4a -Total Radionuclides - IHSS 200 Subsurface Sediments (Carinogenic 

Risk) 

Table D-5a -Total Non-radionuclides - IHSS 200 Subsurface Sediments 

(Carinogenic Risk) 

rn 

DEN1001 5F5O.WP5 09/20/94/6:49pm 
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~~ 

0 Table D-5b -Total Non-radionuclides - IHSS 200 Subsurface Sediments 

(Noncarinogenic Effect) 

0 Table D-6a -Total Radionuclides -Surface Water (Carinogenic Risk) 

0 Table D-7a -Total Non-radionuclides - Surface Water (Carinogenic Risk) 

0 Table D-7b -Total Non-radionuclides - Surface Water (Noncarinogenic Effect) 

0 Table D-8a -Total Radionuclides -Groundwater (Carinogenic Risk) 

0 Table D-9a -Total Non-radionuclides - Groundwater (Carinogenic Risk) 

0 Table D-9b -Total Non-radionuclides -Groundwater (Noncarinogenic Effect) 

The risk factors developed in this screening procedure are used only for potential reduction of 

the number of chemicals carried through the risk assessment and have no meaning outside of 

the context of the screening procedure. 

REFERENCES 

DOE, 1994. United States Department of Energy. Draft Final Rockv Flats Proarammatic 

Preliminarv Remediation Goals. June 1994. 

EPA, 1989. United States Environmental Protection Agency. Risk Assessment Guidance for 

Suoerfund. Volume 1 : Part A, Human Health Evaluation Manual. Office of Emergency and 

Remedial Response. Washington, D.C. EPA/540/1-89/002. December 1 989. 

DEN1001 5F5O.WP5 09/20/94/6:49pm 



Table D-2a 
Total Radionuclides - Surface Sediments (Grab Samples) 

(Carcinogenic Risk) 
Page D-2 

upper 99% Percent of Cumulative Exceeds 
Chemical Name of Risk Risk (1) Percent of Risk PRG (2) 

8/29 /94 

IHSS 200: Great Western Reservoir 

URANIUM-233/234 
PLUTONIUM-239/240 
URANIUM- 2 3 a 
URANIUM-235 
RADIUM-226 
AMERICIUM-241 
~ ~ ~ 1 m - 2 2 8  
STRONTIUM-89/90 
CESIUM-137 
TRITIUM 

URANIUM-233/234 
U R A N I U M - ~ ~ ~  
PLUTONIUM-239/240 
URANIUM- 235 
RADIUM- 22 6 
AMERICIUM- 241 
RADIUM- 22 a 
STRONTIUM-89/90 
CESIUM- 13 7 
TRITIUM 

URANIUM-233/234 
URANIUM-~~~ 
PLUTONIUM-239/240 
URANIUM-235 
AMERICIUM-241 

YES 
YES 
YES 
YES 
YES 
YES 
NO 
NO 
NO 
NO 

35.092 
31.343 
26.394 
3 -499 
1.650 

-3 63 
-008 
-004 
- 000  

1.648 

IHSS 201: Standley Lake 

YES 
YES 
YES 
YES 
YES 
YES 
NO 
NO 
NO 
NO 

48 -775 
37.360 

1.996 
1.676 
1.367 
-421 
-016 
-001 
.ooo 

8 .3aa 

35.092 
66.435 

96.328 
97 -977 
99.625 

99.996 
100.000 
100.000 

92. a29 

99 -988 

48.775 

94.523 
96.519 

99.562 
99.983 
99 -999 
100.000 
100.000 

a6.135 

98.195 

IHSS 202: Mower Reservoir 

YES 46 -437 
YES 40.416 
YES 9.461 
YES 2.169 
YES 1.517 

NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 

46 -437 NO 
86 a53 NO 
96 -315 NO 
98 -483 NO 
100.000 NO 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-3a 
8 /29 /94 Total Non-radionuclides - Surface Sediments (Grab Samples) 

(Carcinogenic Risk) 0 Upper 99% Percent of 

IHSS 200: Great Western Reservoir 

CHROMIUM 
ARSENIC 
BERYLLIUM 
CADMIUM 
ALUMINUM 
ANTIMONY 
BARIUM 
CESIUM 
COBALT 
COPPER 
LEAD 
LITHIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
SELENIUM 
SILICON 

VANADIUM 
ZINC 
cXLCIUM 
CYANIDE 
I RON 
MAGNESIUM 
POTASSIUM 
SODIUM 
THALLIUM 

CHROMIUM 
ARSENIC 
CADMIUM 
BERYLLIUM 
ALUMINUM 
ANTIMONY 
BARIUM 
CESIUM 
COBALT 
COPPER 

YES 
YES 
YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

83.055 
14 .474 

1 .375 
1 .096  
0 . 0 0 0  
0 .000  
0 . 0 0 0  
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 - 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

IHSS 201: Standley Lake 

YES 
YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

80 .367  
16 .369 

2 -439  
-826  

0 .000  
0 .000 
0 .000  
0.000 
0.000 
0.000 
0 .000  
0.000 

83.055 
97 - 529 
98.904 
100.000 
100 - 000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100 .ooo 
100.000 
100 -000 
100 - 000 
100.000 
100.000 
100.000 
100.000 
100.000 

80.367 
96.735 
99.174 
100.000 
100.000 
100 -000 
100.000 
100.000 
100.000 
100 -000 
100.000 
100.000 

Page D-3 

Exceeds 
PRG (2) 
- - - - - - - 

NO 
YES 
YES 
NO 

NO 
NO 

NO 

YES 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
YES 
NO 
YES 

NO 
NO 

NO 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-3a 
8/29/94 

(Carcinogenic Risk) 
Total Non-radionuclides - Surface Sediments (Grab Samples) Page D-4 

Cumulative Exceeds Upper 99% Percent of 
Chemical Name of Risk Risk (1) 

MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
SELENIUM 
SILICON 
SILVER 
STRONTIUM 
TIN 
VANADIUM 
ZINC 
CALCIUM 
IRON 
MAGNESIUM 
POTASSIUM 
SODIUM 
THALLIUM 

CHROMIUM 
ARSENIC 
BERYLLIUM 
METHYLENE CHLORIDE 
2 - BUTANONE 
ACETONE 
ALUMINUM 
ANTIMONY 
BARIUM 
CESIUM 
COBALT 
COPPER 
LEAD 
LITHIUM 
MANGANESE 
MERCURY 
NICKEL 
SELENIUM 
SILICON 
SILVER 
STRONTIUM 
THALLIUM 
TIN 
TOLUEm 
TOTAL XYLENES 

IHSS 201: Standley Lake 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

0.000 
0.000 
0.000 
0.000 
0.000 
0 f 000 
0.000 
0 - 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

IHSS 202: Mower Reservoir 

YES 
YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

84.271 
14 -557 
1.172 

.ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
0 .ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 - 000 
0.000 
0.000 
0.000 
0.000 

100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100 f 000 
100.000 
100 - 000 
100.000 
100.000 

84 -271 
98.828 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 

PRG (2) 
_ - - - - - _  

YES 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
YES 
YES 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 
NO 

NO 
NO 

NO 
NO 
NO 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-3a 
8/29/94 Total Non-radionuclides - Surface Sediments (Grab Samples) Page D-5 

(Carcinogenic Risk) 

TRICHLOROTRIFLUOROETHANE 
UNKNOWN 
UNKNOWN-1 
UNKNOWN-2 
VANADIUM 
ZINC 
l,l,l-TRICHLOROETHANE 
1,1,2,2-TETRACHLOROETHANE 
1,1,2-TRICHLOROETHANE 
1,l-DICHLOROETHANE 
1,l-DICHLOROETHENE 
1,2-DICHLOROETHANE 
1,2 -DICHLOROETHENE 
1,2-DICHLOROPROPANE 
2 - HEXANONE 
4 -METHYL - 2 - PENTANONE 
BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CADMIUM 
CALCIUM 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 

CYANIDE 
DIBROMOCHLOROMETHANE 
ETHYLBENZENE 
IRON 
MAGNESIUM 
MOLYBDENUM 
POTASSIUM 
SODIUM 
STYRENE 
TETRACHLOROETHENE 
TRANS-1,3-DICHLOROPROPENE 
TRICHLOROETHENE 
VINYL ACETATE 
VINYL CHLORIDE 

CIS-1,3-DICHLOROPROPENE 

Exceeds 
of Risk Risk (1) Percent of Risk PRG (2) 
upper 99% Percent of Cumulative 

_ _ _ _ _ _ _ _ _  - - - - - - - - _ -  - _ _ _ _ _ _ _ - - - - - - -  - - - - - - -  

IHSS 202: Mower Reservoir 

NO 0.000 100 -000 NO 
NO 0.000 100.000 
NO 0.000 100.000 
NO 0.000 100.000 
NO 0.000 100 -000 
NO 0.000 100.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

NO 
NO 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



8/29/94 
Table D-3b 

Total Non-radionuclides - Surface Sediments (Grab SamRles) Page D-6 

Chemical Name 

(Noncarcinogenic Effects) 

Upper 99% Percent of 
of Risk Risk (1) 

MANGANESE 
BARIUM 
ANTIMONY 
ARSENIC 
VANADIUM 
CHROMIUM 
NICKEL 
MOLYBDENUM 
CADMIUM 
COPPER 
MERCURY 
ZINC 
SILVER 
SELENIUM 
BERYLLIUM 
STRONTIUM 
TIN 
ALUMINUM 
CESIUM 
COBALT 
LEAD 
LITHIUM 
SILICON 
CALCIUM 
CYANIDE 
IRON 
MAGNESIUM 
POTASSIUM 
SODIUM 
THALLIUM 

MANGANFSE 
BARIUM 
ARSENIC 
ANTIMONY 
CADMIUM 
VANADIUM 
MERCURY 
CHROMIUM 
COPPER 
ZINC 
MOLYBDENUM 
SILVER 

IHSS 200: Great Western Reservoir 

YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

98 -364 
1.544 
.030 
-028 
-011 
.004 
.003 
.003 
.003 
-003 
-002 
.002 
-001 
-001 
-000 
-000 
.ooo 

0.000 
0.000 
0.000 
0.000 
0.000 
. o .  000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

IHSS 201: Standley Lake 

YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

99 -226 
.734 
-019 
-006 
.004 
.003 
002 
-002 
-001 
* 001 
-000 
-000 

- - 

Curnula t ive Exceeds 0 

98 -364 
99.908 
99 -938 
99.966 
99.978 
99 -981 
99 -985 
99 -988 
99.991 
99.994 
99.996 
99.998 
99.999 
99.999 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 

99.226 
99.960 
99 -979 
99 -984 
99.988 
99.991 
99.993 
99.995 
99 -997 
99 -998 
99.999 
99.999 

YES 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 

YES 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NOTES: (1) A value of zero signifies that 
(2) See Appendix E for calculation 

no toxicity value (SF or RfD) exists in IRIS or H W T .  
methodology and specific PRG values. 



Table D-3b 
8/29/94 Total Non-radionuclides - Surface Sediments (Grab Samples) Page D-7 

(Noncarcinogenic Effects) 

Upper 99% Percent of Cumulative Exceeds 
Chemical Name of Risk Risk (1) Percent of Risk PRG (2 )  

IHSS 2 0 1 :  Standley Lake 

NICKEL 
SELENIUM 
STRONTIUM 
BERYLLIUM 
TIN 
ALUMINUM 
CESIUM 
COBALT 
LEAD 
LITHIUM 
SILICON 
CALCIUM 
IRON 
MAGNESIUM 
POTASSIUM 
SODIUM 
THALLIUM 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

.ooo 

.ooo 
* 000 
-000 
.ooo 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

BARIUM 
ANTIMONY 
ARSENIC 
VANADIUM 
CHROMIUM 
NICKEL 
COPPER 
MERCURY 
SELENIUM 
ZINC 
STRONTIUM 
SILVER 
BERYLLIUM 
TIN 
ACETONE 
TOLUENE 
METHYLENE CHLORIDE 
2 - BUTANONE 
TRICHLOROTRIFLUOR0E"E 
TOTAL XYLENES 
ALUMINUM 
CESIUM 

IHSS 2 0 2 :  Mower Reservoir 

YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

97 .407  
2 . 4 6 7  

.051  

. 0 4 1  

.019  

.005 

. 002  
-001 
.001 
.001 
.OOl 
.001 
.ooo 
.ooo 
.ooo 
.ooo 
.ooo 
-000 
-000 
.ooo 
.ooo 

0.000 
0.000 
0.000 
0.000 

99 999 NO 
100.000 NO 
100 .000  NO 
100.000 YES 
100.000 NO 
100 .000  
100 .000  
100 .000  
100 .000  
100.000 
100.000 

9 7 . 4 0 7  
9 9 . 8 7 4  
99 - 9 2 6  
99 -967  
99 - 9 8 6  
9 9 . 9 9 2  
99 .993  
99 * 995 
9 9 . 9 9 6  
99 .998  
99 -998  
99 -999  
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100 .000  
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 

NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NOTES: (1 )  A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2 )  See Appendix E for calculation methodology and specific PRG values. 



Table D-3b 

(Noncarcinogenic Effects) 
Total Non-radionuclides - Surface Sediments (Grab Samples) Page D-8 

Upper 99% Percent of Cumulative Exceeds 
Chemical Name of Risk Risk (1) Percent of Risk PRG (2) 

8/29/94 

IHSS 202: Mower Reservoir 

LITHIUM 
SILICON 
THALLIUM 
UNKNOWN 
UNKNOWN-1 
UNKNOWN-2 
l,l,l-TRICHLOROETHANE 
1,1,2,2-TETRACHLOROETHANE 
1,1,2 - TRI CHLOROETHANE 
1,l-DICHLOR0E"E 
1,l-DICHLOROETHENE 
1,2-DICHLOROE"E 
1,2-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
2 -HEXANONE 
4 -METHYL - 2 - PENTANONE 
BENZENE 
BROMOD I CHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CADMIUM 
CALCIUM 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
CIS-1,3-DICHLOROPROPENE 
CYANIDE 
DIBROMOCHLOROMETHANE 
ETHYLBENZENE 
IRON 
MAGNESIUM 
MOLYBDENUM 
POTASSIUM 
SODIUM 
STYRENE 
TETRACHLOROETHENE 
TRANS-1,3-DICHLOROPROPENE 
TRICHLOROETHENE 
VINYL ACETATE 
VINYL CHLORIDE 

NO 0 - 000 100.000 
NO 0 .ooo 100.000 
NO 0.000 100 - 000 
NO 0.000 100.000 
NO 0.000 100.000 
NO 0.000 100 - 000 

0.000 
0.000 
0 .ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-4a 

(Carcinogenic Risk) 
Total Rqdionuclides - Subsurface Sediments (Core Samples) Page D-9 8/29/94 a 

PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM-238 
MRICIUM-241 
POLONIUM-210 
URANIUM-235 

IHSS 200: Great Western Reservoir 

YES 40.335 
YES 26.708 
YES 20.860 
YES 8.563 
YES 2.150 
YES 1.383 

Cumulative Exceeds 
Percent of Risk PRG (2) 
- - - - - - - - - - - - - - -  - - - - - - -  

40 -335 NO 
67.043 NO 
87.904 NO 
96 -467 NO 
98.617 NO 
100.000 NO 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-5a 

(Carcinogenic Risk) 
Total Non-radionuclides - Subsurface Sediments (Core Samples) Page D-10 

Upper 99% Percent of Cumulative Exceeds 

8/29/94 

IHSS 200: Great Western Reservoir 

CHROMIUM 
ARSENIC 
BERYLLIUM 
CADMIUM 
ALUMINUM 
BARIUM 
CESIUM 
COBALT 
COPPER 
LEAD 
LITHIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
SELENIUM 
SILVER 
STRONTIUM 
TIN 
VANADIUM 
ZINC 
CALCIUM 
IRON 
MAGNESIUM 
POTASSIUM 
SODIUM 
THALLIUM 

YES 
YES 
YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

85.701 
11.643 
1.437 
1.218 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

85.701 NO 
97 -344 NO 
98.782 NO 
100.000 NO 
100.000 
100.000 
100 * 000 
100.000 
100.000 
100.000 
100 -000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-5b 

(Noncarcinogenic Effects) 
Total Non-radionuclides - Subsurface Sediments (Core Samples) Page D-11 

MANGANESE 
BARIUM 
ARSENIC 
VANADIUM 
COPPER 
CHROMIUM 
CADMIUM 
MERCURY 
SILVER 
ZINC 
NICKEL 
MOLYBDENUM 
SELENIUM 
BERYLLIUM 
STRONTIUM 
TIN 
ALUMINUM 
CESIUM 

@= 
LITHIUM 
CALCIUM 
IRON 
MAGNESIUM 
POTASSIUM 
SODIUM 
THALLIUM 

IHSS 200: Great Western Reservoir 

YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

97.281 
2.586 
.062 
-016 
.014 
.010 
.009 
.006 
.006 
.003 
.002 
.002 
-001 
. O O l  
.ooo 
-000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

97.281 
99.867 
99 -930 
99.945 
99.959 
99.970 
99 -979 
99 -985 
99 -991 
99.994 
99.996 

Exceeds 
PRG (2) 
- - - - - - . .  

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

99.998 NO 
99.999 NO 
100.000 NO 
100.000 NO 
100 - 000 NO 
100.000 
100.000 
100.000 
100.000 
100.000 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-6a 
8/29/94 Total Radionuclides - Surface Water Page D-12 

(Carcinogenic Risk) 

Upper 99% Percent of Cumulative Exceeds 
Chemical Name of Risk Risk (1) Percent of Risk PRG (2) 

IHSS 200: Great Western Reservoir 

URANIUM-233/234 
URANIUM-238 
TRITIUM 
URANIUM-235 
PLUTONIUM-239/240 

URANIUM-233/234 
URANIUM-238 
AMFlRICIUM- 241 
URANIUM-235 
PLUTONIUM-239/240 

URANIUM-233/234 
URANIUM-238 
PLUTONIUM-239/240 
AMFlRICIUM- 241 
URANIUM-235 

YES 36 -403 
YES 26.392 
YES 14.774 
YES 12 -438 
YES 2.180 

IHSS 201: Standley Lake 

YES 40.762 
YES 34.491 
YES 12.229 
YES 8 -466 
YES 4.052 

IHSS 202: Mower Reservoir 

YES 35.633 
YES 28.246 
YES 18.740 
YES 11.081 
YES 6.301 

36.403 
62.795 
77 - 569 
90.007 
100.000 

40 - 762 
75.253 
87 -482 
95.948 
100.000 

35.633 
63.878 
82 618 
93.699 
100.000 

- -  

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO ~- 

NO 
NO 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-7a 
Total Non-radionuclides - Surface Water 

(Carcinogenic Risk) 
Page D-13 

ARSENIC 
BERYLLIUM 
ALUMINUM 
BARIUM 
CADMIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
LEAD 
LITHIUM 
MANGANESE 
MOLYBDENUM 
NICKEL 
SILICON 
STRONTIUM 
TIN 
VANADIUM 

@ EERYN 
ANTIMONY 
ATRATON 
ATRAZINE 
CALCIUM 
CYANIDE 
IRON 
MAGNESIUM 
MERCURY 
POTASSIUM 
PROMETON 
PROMETRYN 
PROPAZ INE 
SELENIUM 
SILVER 
SIMAZINE 
SIMETRYN 
SODIUM 
TERBUTHYLAZINE 
TERBUTRYN 
THALLIUM 

BERYLLIUM 0 ALUMINUM 

IHSS 200: Great Western Reservoir 

YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

74.687 
25.313 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

IHSS 201: Standley Lake 

74.687 
100.000 
100.000 
100 - 000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100 - 000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 

NO 
NO 

NO 
NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 

YES 100.000 100.000 NO 
NO 0.000 100.000 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-7a 
Total Non-radionuclides - Surface Water 

(Carcinogenic Risk) 
Page D-14 

Upper 99% Percent of cumulative Exceeds 
Chemical Name of Risk Risk (1) Percent of Risk PRG (2) 

8/29/94 

IHSS 201: Standley Lake 

BARIUM 
CADMIUM 
CHROMIUM 
COBALT 
COPPER 
CYANIDE 
LEAD 
LITHIUM 
mGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
SELENIUM 
SILICON 
STRONTIUM 
VANADIUM 
ZINC 
ANTIMONY 
ARSENIC 
ATRAZINE 
CALCIUM 
CESIUM 
IRON 
MAGNESIUM 
POTASSIUM 
SILVER 
SIMAZINE 
SODIUM 
THALLIUM 
TIN 

ARSENIC 
ALUMINUM 
BARIUM 
CADMIUM 
CESIUM 
CHROMIUM 
COPPER 
LEAD 
LITHIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

0.000 
0.000 
0.000 
0 - 000 
0.000 
0.000 
0 - 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

IHSS 202: Mower Reservoir 

YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

100.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 .ooo 
0.000 

100.000 
100 - 000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 

NO 
NO 
NO 

NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 

100 -000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 

NO 

NO 
NO 

NO 
NO 

NO 
NO 
NO 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



8/29/94 
Table D-7a 

Total Non-radionuclides - Surface Water 
(Carcinogenic Risk) 

Page D-15 

IHSS 202: Mower Reservoir 

NICKEL 
SILICON 
STRONTIUM 
TIN 
VANADIUM 
ZINC 
l,l,l-TRICHLOROETHANE 
1,1,2,2-TETRACHLOROETHANE 
1,1,2-TRICHLOROET"E 
1,l-DICHLOROETHANE 
1,l-DICHLOROETHENE 
1,2-DICHLOROETHANE 
1,2-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
2 - BUTANONE 
2 -HEXANONE 
4 -METHYL - 2 - PENTANONE 
ACETONE 
ANTIMONY 
ATRAZINE 
BENZENE 
BERYLLIUM 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CALCIUM 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
CIS-1,3-DICHLOROPROPENE 
COBALT 
CYANIDE 
DIBROMOCHLOROMETHANE 
ETHYLBENZENE 
IRON 
MAGNESIUM 
METHYLENE CHLORIDE 
POTASSIUM 
SELENIUM 
SILVER 
SIMAZINE 
SODIUM 

NO 0.000 100.000 NO 
NO 0.000 100.000 
NO 0.000 100.000 NO 
NO 0.000 100.000 NO 
NO 0.000 100.000 NO 
NO 0.000 100.000 NO 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 -000 
0 - 000 
0.000 
0 * 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 * 000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0 e 000 
0 .ooo 
0.000 
0.000 
0.000 
0.000 
0 -000 
0.000 
0.000 
0.000 
0 * 000 
0.000 
0.000 

0. ob0 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-7a 
8/29/94 Total Non-radionuclides - Surface Water Page D-16 e (Carcinogenic Risk) 

Upper 99% Percent of Cumulative Exceeds 
Chemical Name of Risk Risk (1) Percent of Risk PRG (2) 

IHSS 202: Mower Reservoir 

STYRENE 
TETRACHLOROETHENE 
THALLIUM 
TOLUENE 
TOTAL XYLENES 
TRANS-1,3-DICHLOROPROPENE 
TRICHMROETHENE 
VINYL ACETATE 
VINYL CHLORIDE 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

NOTES: (1) A value of zero signifies that no toxicity value (SF or ED) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-7b 
Total Non-radionuclides - Surface Water 

(Noncarcinogenic Effects) Q'" /94 Page D-17 

Upper 99% Percent of Cumulative Exceeds 

IHSS 200: Great Western Reservoir 

MANGANESE 
ARSENIC 
CADMIUM 
MOLYBDENUM 
BARIUM 
VANADIUM 
CHROMIUM 
ZINC 
COPPER 
STRONTIUM 
NICKEL 
BERYLLIUM 
TIN 
ALUMINUM 
CESIUM 
COBALT 
LEAD 
LITHIUM 
SILICON 
AMETRYN 
ANTIMONY 
ATRATON 
ATRAZINE 
CALCIUM 
CYANIDE 
IRON 
MAGNESIUM 
MERCURY 
POTASSIUM 
PROMETON 
PROMETRYN 
PROPAZINE 
SELENIUM 
SILVER 
SIMAZINE 
SIMETRYN 
SODIUM 
TERBVIWCLAZINE 
TERBUTRYN 
THALLIUM 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

65.570 
15.091 
8.743 
2.560 
1.786 
1.784 
1.374 
.822 
-816 
.796 
.507 
.125 
-025 

0 000 
0 - 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 e 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

IHSS 201: Standley Lake 

YES 95.172 
YES 1.446 

65 -570 
80.661 
89 -404 
91.964 
93.750 
95.535 
96.908 
97.731 
98 -546 
99.342 
99.850 
99 -975 

100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100 * 000 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

95.172 NO 
96.618 NO 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-7b 
8/29/94 Page D-18 Total Non-radionuclides - Surface Water 

(Noncarcinogenic Effects) 

Upper 99% Percent of Cumulative Exceeds 
Chemical Name of Risk Risk (1) Percent of Risk PRG (2) 

_ _ - - - - - - - - - - - _ _ _ _ _ _ _ - - - - - - - - - - - - - - -  - - - - - - _ - -  - - - - - - - - - -  _ _ _ - - - _ _ _ _ _ _ _ _ _  - - - - - - -  

IHSS 201: Standley Lake 

MERCURY 
NICKEL 
MOLYBDENUM 
CYANIDE 
SELENIUM 
BARIUM 
ZINC 
CHROMIUM 
VANADIUM 
COPPER 
STRONTIUM 
BERYLLIUM 
ALUMINUM 
COBALT 
LEAD 
LITHIUM 
SILICON 
ANTIMONY 
ARSENIC 
ATRAZINE 
CALCIUM 
CESIUM 
IRON 
MAGNESIUM 
POTASSIUM 
SILVER 
SIMAZINE 
SODIUM 
THALLIUM 
TIN 

ARSENIC 
CADMIUM 
CHROMIUM 
MANGANESE 
NICKEL 
MERCURY 
VANADIUM 
MOLYBDENUM 
BARIUM 
STRONTIUM 
COPPER 
ZINC 

YES 
YES 
YES 
YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

-823 
-498 
- 4 64 
.324 
-319 
-191 
-185 
-175 
-163 
-124 
-093 
.022 

0.000 
0.000 
0 -000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000  
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

IHSS 202: Mower Reservoir 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO 
NO 
NO 

33.637 
27.522 
20.121 
11.314 
1.758 
1.529 
1.398 
1.345 

- 758 
.336 
-172 
.092 

97.441 
97.940 
98.403 
98.727 
99.046 
99 -238 
99.423 
99.597 
99 - 761 
99.885 
99 -978 
100.000 
100 - 000 
100.000 
100.000 
100.000 
100.000 

33.637 
61.159 
81 -280 
92.595 
94.353 
95.882 
97.280 
98.625 
99.383 
99.720 
99.892 
99.983 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



8/29/94 
Table D-7b 

Total Non-radionuclides - Surface Water 
(Noncarcinogenic Effects) 

Page D-19 

TIN 
ALUMINUM 
CESIUM 
LEAD 
LITHIUM 
SILICON 
l,l,l-TRICHLOROE~ 
1,1,2,2 -TETRACHLOROETHANE 
1,1,2-TRICHLOROE~ 
1,l-DICHLOROETHANE 
1,l-DICHLOROETHENE 
1,2-DICHLOROETHANE 
1,2-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
2 - BUTANONE 
2 - HEXANONE 
4-METHYL-2-PENTANONE 
ACETONE 
ANTIMONY 
ATRAZINE 
BENZENE 
BERYLLIUM 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CALCIUM 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 

COBALT 
CYANIDE 
DIBROMOCHLOROMETHANE 
ETHYLBENZENE 
IRON 
MAGNESIUM 
METHYLENE CHLORIDE 
POTASSIUM 
SELENIUM 
SILVER 
SIMAZINE 
SODIUM 

CIS-1,3-DICHLOROPROPENE 

IHSS 202: Mower Reservoir 

NO -017 100.000 NO 
NO 0.000 100.000 
NO 0.000 100.000 
NO 0.000 100.000 
NO 0.000 100.000 
NO 0.000 100.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 * 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-7b 

(Noncarcinogenic Effects) 
Total Non-radionuclides - Surface Water Page D-20 

Upper 99% Percent of Cumulative Exceeds 
Chemical Name of Risk Risk (1) Percent of Risk PRG (2) 

8/29/94 

IHSS 202: Mower Reservoir 

STYRENE 
TETRACHLOROETHENE 
THALLIUM 
TOLUENE 
TOTAL XYLENES 
TRANS-1,3-DICHLOROPROPENE 
TRICHLOROETHENE 
VINYL ACETATE 
VINYL CHLORIDE 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 -000 
0.000 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-8a 
Total Radionuclides - Groundwater 

(Carcinogenic Risk) 
81  ‘29 /94 Page D-21 

IHSS 200: Great Western Reservoir 

URANIUM-233/234 
URANIUM- 23 8 
PLUTONIUM-239/240 
AMERICIUM-241 
AMERICIUM-241 
URANIUM-235 

URANIUM- 23 8 
URANIUM- 233 /2 34 
AMERICIUM-241 
URANIUM-235 
PLUTONIUM-239/240 

YES 43.656 43.656 YES 
YES 39.860 83.516 YES 
YES 11.596 95.112 NO 
YES 7.813 97.820 NO 
YES 2.990 98.102 NO 
YES 1.898 100 * 000 NO 

IHSS 201: Standley Lake 

YES 44.886 44.886 NO 
YES 42.913 87.798 NO 
YES 7.399 95 - 197 NO 
YES 4.094 99 -291 NO 
NO .709 100.000 NO 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 



8/29/94 
Table D-9a 

Total Non-radionuclides - Groundwater 
(Carcinogenic Risk) 

ARSENIC 
BERYLLIUM 
ALUMINUM 
ANTIMONY 
BARIUM 
CADMIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
LEAD 
LITHIUM 
WGANESE 
NICKEL 
SELENIUM 
SILICON 
STRONTIUM 
TIN 
VANADIUM 
ZINC 
CALCIUM 
IRON 
MAGNESIUM 
WRCURY 
MOLYBDENUM 
POTASSIUM 
SILVER 
SODIUM 
THALLIUM 

ARSENIC 
ALUMINUM 
BARIUM 
CHROMIUM 
COPPER 
LEAD 
LITHIUM 
MANGANESE 
MOLYBDENUM 
SILICON 
STRONTIUM 
ZINC 
ANTIMONY 

IHSS 200: Great Western Reservoir 

YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

63 -704 
36.296 
0.000 
0.000 
0 -000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

IHSS 201: Standley Lake 

YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

100.000 
0.000 
0 - 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

63 -704 
100.000 
100.000 
100.000 
100.000 
100.000 
100 -000 
100 * 000 
100.000 
100.000 
100.000 
100.000 
100.000 
100 - 000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 

100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 

Paae D-22 

PRG (2) 

YES 
YES 

YES 
NO 
NO 

NO 

NO 

YES 
NO 
NO 

NO 
NO 

YES 

NO 
NO 
NO 

NO 
NO 

NO 

NOTES: (1) A value of zero signifies that 
(2) See Appendix E for calculation 

no toxicity value (SF or RfD) exists in IRIS or HEAST. 
methodology and specific PRG values. 



Table D-9a 
Total Non-radionuclides - Groundwater 

(Carcinogenic Ri s k) 
/94 Page D-23 

BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
COBALT 
IRON 
MAGNESIUM 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
TIN 
VANADIUM 

IHSS 201: Standley Lake 

0.000 
0.000 
0 - 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2 )  See Appendix E for calculation methodology and specific PRG values. 



Table D-9b 

(Noncarcinogenic Effects) 
Total Non-radionuclides - Groundwater Page D-24 

Exceeds 
Chemical Name of Risk Risk (1) Percent of Risk PRG (2) 

Upper 99% Percent of Cumulative 

8/29/94 

IHSS 200: Great Western Reservoir 

MANGANESE 
ANTIMONY 
ARSENIC 
VANADIUM 
STRONTIUM 
CHROMIUM 
CADMIUM 
BARIUM 
NICKEL 
COPPER 
ZINC 
BERYLLIUM 
SELENIUM 
TIN 
ALUMINUM 
CESIUM 
COBALT 
LEAD 
LITHIUM 
SILICON 
CALCIUM 
IRON 
MAGNESIUM 
MERCURY 
MOLYBDENUM 
POTASSIUM 
SILVER 
SODIUM 
THALLIUM 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

59.859 
21 -456 
7.178 
3.130 
2.908 
1.810 
1.748 
-740 
-473 
-310 
-164 
-100 
-100 
.025 

0.000 
0.000 
0.000 
0.000 
0.000 
0 - 000 
0.000 
0.000 
0 .000  
0.000 
0 .000  
0.000 
0.000 
0.000 
0 .000  

MANGANESE 
ARSENIC 
STRONTIUM 
MOLYBDENUM 
BARIUM 
CHROMIUM 
COPPER 
ZINC 
ALUMINUM 
LEAD 
LITHIUM 
S I LI CON 
ANTIMONY 

IHSS 201: Standley Lake 

YES 
YES 
YES 
YES 
YES 
YES 
NO 
NO 
NO 
NO 
NO 

43.710 
39 -434 
6.642 
6.351 
1.712 
1.557 
.381 
-213 

0.000 
0 -000 
0.000 

59.859 
81.315 
88 -493 
91.623 
94.531 
96.341 
98.088 
98 - 828 
99 -301 
99.611 
99 - 775 
99.875 
99 -975 

100.000 
100.000 
100 -000 
100.000 
100.000 
100.000 
100.000 

43.710 
83.144 
89.786 
96.137 
97.849 
99.406 
99.787 
100.000 
100.000 
100.000 
100.000 

NO 0.000 100 .ooo 
0.000 

YES 
YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 

NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or H W T .  
(2) See Appendix E for calculation methodology and specific PRG values. 



Table D-9b 
8/29/94 e Total Non-radionuclides - Groundwater 

(Noncarcinogenic Effects) 
Page D-25 

Upper 99% Percent of Cumulative Exceeds 
Chemical Name of Risk Risk (1) Percent of Risk PRG ( 2 )  

IHSS 201: Standley Lake 

BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
COBALT 
IRON 
MAGNESIUM 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
TIN 
VANADIUM 

0 - 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

NOTES: (1) A value of zero signifies that no toxicity value (SF or RfD) exists in IRIS or HEAST. 
(2) See Appendix E for calculation methodology and specific PRG values. 
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APPENDIX E. PRG COMPARISON RESULTS 

Appendix E contains results of the PRG comparison for chemicals considered likely to 

contribute significantly to the overall risk. The PRGs used in this step are equivalent to the 

RBCs described in Subsection 3.4, and were calculated based on the methodology presented in 

Proarammatic Preliminarv Remediation Goals (DOE, 1994). This document is included in 

Appendix E as Attachment 1. The following table summarizes the exposure scenarios and 

pathways on which the PRGs are based. 

SUMMARY OF EXPOSURE SCENARIOS AND PATHWAYS 
ROCKY FIATS OPERABLE UNIT 3 

Media Exposure Scenario Pathway 

Surface Soil 

Surface Sediment 

Subsurface Sediment 

Surface Water 

Groundwater 

Residential 

Residential 

Construction Worker 

Residential 

Residential 

Direct Ingestion of Soils' 
Inhalation of Particulates' 
External Radiation Exposureb 

Direct Ingestion of Soils' 
Inhalation of Particulates' 
External Radiation Exposureb 

Direct Ingestion of Soils' 
Inhalation of Particulates' 
External Radiation Exposureb 

Direct Ingestion While Swimming' 

Direct Ingestion of Groundwater' 
Inhalation During Domestic Use' 

Notes: 
' Includes assessment of organics, inorganics, and radionuclides. 

Includes assessment of radionuclides. 
' includes assessment of volatile organics. 

DEN1001 61 FC.WP5 09/20/94/6:51 prn 
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Tables E-1 through E-9 summarize the comparison of PRG values t o  OU 3 data for sediments, 

surface water, and groundwater. The comparisons for each analyte by IHSS and media type 

presented in Tables E-1 through E-8 include maximum detected value, PRG based on 

carcinogenic risk (if applicable), and PRG based on non-carcinogenic effects (if applicable). 

Table E-9 summarizes the PRG screen results for those chemicals not screened out by the 

concentration-toxicity screen and identifies the analytes by media and IHSS that exceed the 

PRG . 

The following is a list of PRG comparison results grouped by media, analyte, and IHSS. Please 

note that subsurface sediment data is presented only for Great Western Reservoir (IHSS 200): 

Table E-1 -Total Radionuclide PRG Values for Surface Sediments (Grab 

Samples) 

Table E-2 -Total Non-radionuclide PRG Values for Surface Sediments (Grab 

Samples) 

Table E-3 -Total Radionuclide PRG Values for Subsurface Sediments (Core 

Samples) 

Table E-4 -Total Non-radionuclide PRG Values for Subsurface Sediments (Core 

Samples) 

Table E-5 -Total Radionuclide PRG Values for Surface Water 

Table E-6 -Total Non-radionuclide PRG Values for Surface Water 

Table E-7 -Total Radionuclide PRG Values for Groundwater 

Table E-8 -Total Non-radionuclide PRG Values for Groundwater 

Table E-9 - PRG Screen Results 

DEN1 0 0 1  6 1 FC.WP5 09/20/94/6:51 pm 
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REFERENCES 

DOE, 1994. United States Department of Energy. Draft Final Rockv Flats Proarammatic 

Preliminarv Remediation Goals. Golden, Colorado. June 1 994. 
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Table E-1 
/94 Total Radionuclide PRG Values for Surface Sediments (Grab Samples) Page E-1 

PRG Based on PRG Based on 
Maximum Carcinogenic Non-carcinogenic 

IKSS 200: Great Western Reservoir 

AMERICIUM- 24 1 
CESIUM- 13 7 
PLUTONIUM-239/240 
RADIUM-226 
RADIUM-228 
STRONTIUM-89/90 
TRITIUM 
URANIUM- 2 3 3 /2 3 4 
URANIUM-235 
URANIUM-238 

AMERICIUM-241 
CESIUM- 137 
PLUTONIUM-239/240 
RADIUM-226 
RADIUM-228 
STRONTIUM-89/90 
TRITIUM 
URANIUM- 233 /2 34 
URANIUM-235 
URANIUM- 23 8 

PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/L 
PCI/G 
PCI/G 
PCI /G 

2.060e-001 
5.700e-001 
3.300e+000 
2.200e+000 
2.200e+000 
5.700e-001 
8.087e-001 
5.400e+000 
5.600e-001 
4.400e+000 

IHSS 201: Standley Lake 

PCI/G 
PCI/G 
PCI/G 
PCI /G 
PCI /G 

PCI /L 
PCIjG 

PCI/G 

PCI/G 

PCI /G 

1.070e-001 
5.500e-002 
5.530e-001 
1.400e+000 
1.600e+000 
7.200e-001 
8.718e-002 
4.700e+000 
2.000e-001 
3.900e+000 

IHSS 202: Mower Reservoir 

AI'BRICIUM- 241 PCI/G 9.288e-002 2.373e+000 
PLUTONIUM-239/240 PCI/G 4.879e-001 3.425e+000 
URANIUM-233/234 PCI/G 3,50Oe+000 4.533e+001 
URANIUM-235 PCI/G 1.700e-001 1.730e-001 
URANIUM-238 PCI/G 3.300e+000 4.597e+001 

NOTES: PRG=Preliminary Remediation Goal. 
Chemicals in this table have not passed through the previous steps of the COC 
selection process. 



Table E-2 
8/29/94 Total Non-radionuclide PRG Values for Surface Sediments (Grab SanIpleS) Page E-2 

PRG Based on PRG Based on 
Maximum Carcinogenic Non-carcinogenic 

IHSS 200: 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
c2uICIuM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
CYANIDE 
IRON 
LEAD 
LITHIUM 
MAGNEXIUM 
M A " E S E  
MERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SILVER 
SODIUM 
STRONTIUM 
THALLIUM 
TIN 
VANADIUM 
ZINC 

IHSS 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CAZlCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 

Great Western Reservoir 

MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG 
MG/KG 

MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG 
MG/KG 
MG/KG 

MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG 
MG/KG 

MG/KG 

MG/KG 

MG/KG 
MG/KG 

201: Standley Lake 

MG/KG 
MG/KG 

MG/KG 
MG/KG 
MG/KG 

MG/KG 
MG/KG 
MG/KG 

MG/KG 

MG/KG 

MG/KG 
MG/KG 

1.647e+005 
1.921e.tO03 
8.233e+004 

NOTES: PRG=Preliminary Remediation Goal. 
Chemicals in this table have not passed through the previous steps of the COC 
selection process. 



Table E-2 
Page E-3 Total Non-radionuclide PRG Values for Surface Sediments (Grab Samples) 

PRG Based op PRG Based on 
Maximum Carcinogenic Non-carcinogenic 

IHSS 201: Standley Lake 

LEAD 
LITHIUM 
MAGNESIUM 
MANGZUSESE 
MERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SILVER 
SODIUM 
STRONTIUM 
THALLIUM 
TIN 
VANADIUM 
ZINC 

MG/KG 
MG/KG 
MG/KG 

MG/KG 

MG/KG 
MG/KG 

MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG 

MG/KG 

MG/KG 

1,1,2,2-TETRACHLOROET"E 
1 , 1 , 2 - T R I C H L O R O E ~  
1,l -DICHLOROETHANE 
1,l-DICHLOROETHENE 
1,2-DICHLOROETHANE 
1,2-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
2 -BUTANONE 
2 - HEXANONE 
4 -METHYL- 2 - PENTANONE 
ACETONE 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BENZENE 
BERYLLIUM 
BROMODI CHLOROMETHANE 
BROMOFORM 
BR0MOMET"E 
CADMIUM 
CALCIUM 

DISULFIDE 
ON TETRACHLORIDE 

IHSS 202: Mower Reservoir 

MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG 

MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG 

MG/KG 

MG/KG 
MG/KG 

NOTES: PRGZPreliminary Remediation Goal. 
Chemicals in this table have not passed 
selection process. 

0.000e+000 
0.000e+000 
0.000e+000 
0.000e+000 
0.000e+000 
0.000e+000 
0.000e+000 
0.000e+000 
1.400e-002 
0.000e+000 
0.000e+000 
4.700e-002 
1.830e+004 
1.730e+001 
1.040e+001 3.659e-001 
2.960e+002 
0.000e+000 
1.500e+000 1.489e-001 
0.000e+000 
0.000e+000 
0.000e+000 

through the previous steps of the COC 



Table E-2 
8/29/94 Total Non-radionuclide PRG Values for Surface Sediments (Grab Samples) Page E-4 

PRG Based on PRG Based on 
Maximum Carcinogenic Non-carcinogenic 

CESIUM 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
CHROMIUM 
CIS-1,3-DICHLOROPROPENE 
COBALT 
COPPER 
CYANIDE 
D IBROMOCHLOROMETHANE 
ETHYLBENZENE 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
METHYLENE CHLORIDE 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SILVER 
SODIUM 
STRONTIUM 
STYRENE 
TETRACHLOROETHENE 
THALLIUM 
TIN 
TOLUENE 
TOTAL XYLENES 
TRANS-1,3-DICHMROPROPENE 
TRICHLOROETHENE 
TRICHLOROTRIFLUOR0ET"E 
UNKNOWN 
U N K " - l  
UNKNOWN-2 
VANADIUM 
VINYL ACETATE 
VINYL CHLORIDE 
ZINC 

IHSS 202: Mower Reservoir 

MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG 

0.000e+000 
0.000e+000 
4.800e+004 
4.080e+001 
1.620e+001 
5.040e+003 
1.170e+003 
1.000e-001 
5.000e-003 

2.920e+001 
3.450e+003 
5.700e+000 
4.120e+002 
1.900e+000 
1.080e+003 
3.490e+002 
0.000e+000 
0.000e+000 
2.500e-001 
5.140e+001 
1.600e-002 
2.000e-003 
0.000e+000 
0.000e+000 
5.000e-002 
9.000e-003 
9.000e-003 
2.400e-002 
1.140e+002 
0.000e+000 
0.000e+000 
1.930e+002 

NOTES: PRG=Preliminary Remediation Goal. 
Chemicals in this table have not passed through the previous steps of the COC 
selection process. 



Table E-3 
Total Radionuclide PRG Values for Subsurface Sediments (Core Samples) Page E - 5  

PRG Based on PRG Based on 
Maximum Carcinogenic Non-carcinogenic 

Chemical Name Units Detected Value Risk Effects 
_ _ _ - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ - _ _  _ _ _ _ _ _ _ - _ - - _  - - _ - - - - - - - - - - - - -  

AMERICIUM- 2 4 1 
PLUTONIUM-239/240 
POLONIUM-210 
URANIUM- 233 /234 
URANIUM-235 
URANIUM-238 

IHSS 200: Great Western Reservoir 

PCI/G 1.016e+000 6.505e+002 
PCI/G 4.030e+000 2.851e+003 
PCI/G 3.140e+000 4.309e+003 
PCI/G 3.900e+000 3.094e+004 
PCI/G 2.100e-001 1.735e+001 
PCI/G 3.300e+000 3.325e+004 

NOTES : PRG=Preliminary Remediation Goal. 
Chemicals in this table have not passed through the previous steps of the COC 
selection process. 



Table E-4 
8/29/94 Total Non-radionuclide PRG Values for Subsurface Sediments (Core Samples) Page E-6 

PRG Based on PRG Based on 
Maximum Carcinogenic Non-carcinogenic 

Chemical Name Units Detected Value Risk Effects 

IHSS 200: Great Western Reservoir 

ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
STRONTIUM 
THALLIUM 
TIN 
VANADIUM 
ZINC 

MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG 

MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG 

MG/KG 

6.000et000 
6.040e+001 
4 - 800e+002 

NOTES: PRG=Preliminary Remediation Goal. 
Chemicals in this table have not passed through the previous steps of the COC 
selection process. 



Table E-5 
Total Radionuclide PRG Values for Surface Water Page E-7 /94 

AMERICIUM-241 
PLUTONIUM-239/240 
TRITIUM 
URANIUM-233/234 
URANIUM-235 
URANIUM-238 

AMERICIUM- 241 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM-235 
URANIUM-238 

AMERICIUM-241 

IUM- 233 /234 
URANIUM-235 
URANIUM-238 

IHSS 200: Great Western Reservoir 

PCI/L 1.717e-002 1.526e+002 
PCI/L 5.000e-003 1.593e+002 
PCI/L 1.443e+002 6.783e+005 
PCI/L 1.200e+000 2.289e+003 
PCI/L 4.100e-001 2.289e+003 
PCI/L 8.700e-001 2.289e+003 

IHSS 201: Standley Lake 

PCI/L 2.600e-002 1.526e+002 
PCI/L 8.990e-003 1.593e+002 
PCI/L 1.300e+000 2.289e+003 
PCI/L 2.700e-001 2.289e+003 
PCI/L 1.100e+000 2.289e+003 

IHSS 202: Mower Reservoir 

PCI/L 1.700e-002 1.526e+002 
PCI/L 3.000e-002 1.593e+002 
PCI/L 8.200e-001 2.289e+003 
PCI/L 1.450e-001 2.289e+003 
PCI/L 6.500e-001 2.289e+003 

NOTES: PRG=Preliminary Remediation Goal. 
Chemicals in this table have not passed through the previous steps of the COC 
selection process. 
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Table E-6 

Total Non-radionuclide PRG Values for Surface Water Page E-8 

IHSS 200: Great 

ALUMINUM 
AMETRYN 
ANTIMONY 
ARSENIC 
ATRATON 
ATRAZINE 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
CYANIDE 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 
PROMETON 
PROMETRYN 
PROPAZINE 
SELENIUM 
SILICON 
SILVER 
SIMAZIrn 
S IMETRYN 
SODIUM 
STRONTIUM 
TERBU'IWYLAZINE 
TERBUTRYN 
THALLIUM 
TIN 
VANADIUM 
ZINC 

ALUMINUM 
ANTIMONY 

UG/L 
UG/L 

UG/L 
UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/L 
UG/L 

UG/L 

UG/L 
UG/L 

UG/L 

UG/L 

UG/L 
UG/L 

PRG Based on 
Maximum Carcinogenic 

Detected Value Risk 
_ _ _ _ _ _ _ _ _ _ _ _ _ -  - - - - - - - - - - - -  

Western Reservoir 

IHSS 201: Standley Lake 

UG/L 1.540e+003 
UG/L 0.000e+000 

NOTES: PRG=Preliminary Remediation Goal. 
Chemicals in this table have not passed through the previous steps 
selection process. 

- 

PRG Based on 
Non-carcinogenic 

of the COC 



Table E-6 
Total Non-radionuclide PRG Values for Surface Water 

PRG Based on 
Maximum Carcinogenic 

ARSENIC 
ATRAZINE 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
CYANIDE 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGAJYESE 
MERCURY 
MOLYBDENUM 
ICKEL 
OTASSIUM 

SILICON 
SILVER 
SIMAZINE 
SODIUM 
STRONTIUM 
THALLIUM 
TIN 
VANADIUM 
ZINC 

1,1,1- TRI CHLOROETHANE 
1,1,2,2-TETRACHLOROET"E 
1,1,2-TRICHLOROET"E 
1,l -DICHLOROETHANE 
1,l-DICHLOROETHENE 
1 I 2 -DICHLOROET"E 
1,2-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
2 -BUTANONE 
2 -HEXANONE 

IHSS 201: Standley Lake 

UG/L 
UG/L 

UG/L 
UG/L 

UG/L 

UG/L 
UG/L 
UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/L 

UG/L 
UG/L 

UG/L 

UG/L 

UG/L 

IHSS 202: Mower Reservoir 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/L 

UG/L 
UG/L 
UG/L 

UG/L 

UG/L 

NOTES: PRG=Preliminary Remediation Goal. 
Chemicals in this table have not passed through the previous steps 
selection process. 

Page E-9 

PRG Based on 
Non-carcinogenic 

Effects 
_ _ _ _ _ _ _ _ _ - - - - - _ -  

of the COC 
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Total Non-radionuclide PRG Values for Surface Water Page E-10 

PRG Based on PRG Based on 
Carcinogenic Non-carcinogenic 

ALUMINUM 
ANTIMONY 
ARSENIC 
ATRAZINE 
BARIUM 
BENZENE 
BERYLLIUM 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CADMIUM 
CALCIUM 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CESIUM 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
CHROMIUM 

COBALT 
COPPER 
CYANIDE 
DIBROMOCHLOROMFXHANE 
ETHYLBENZENE 
I RON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
METHYLENE CHLORIDE 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
S I LI CON 
SILVER 
SIMAZINE 
SODIUM 
STRONTIUM 
STYRENE 
TETRACHLOROETHENE 
THALLIUM 

CIS-1,3-DICHLOROPROPENE 

IHSS 202: Mower Reservoir 

UG/L 
UG/L 

UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/L 

UG/L 
UG/L 

UG/L 
UG/L 
UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 

UG/L 

UG/L 

UG/L 

UG/L 

UG/L 
UG/L 

UG/L 

UG/L 

UG/L 

NOTES: PRG=Preliminary Remediation Goal. 
Chemicals in this table have not passed through the previous steps of the COC 
selection process. 
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Page E-11 Total Non-radionuclide PRG Values for Surface Water 

PRG Based on PRG Based on 
Maximum Carcinogenic Non-carcinogenic 

IHSS 202: Mower Reservoir 

TIN 
TOLUENE 
TOTAL XYLENES 
TRANS-1,3-DICHLOROPROPENE 
TRICHLOROEWNE 
VANADIUM 
VINYL ACETATE 
VINYL CHLORIDE 
ZINC 

UG/L 
UG/L 

UG/L 
UG/L 
UG/L 
UG/L 

UG/L 

UG/L 
UG/L 

NOTES: PRG=Preliminary Remediation Goal. 
Chemicals in this table have not passed through the previous steps of the COC 
selection process. 



Table E-7 
Total Radionuclide PRG Values for Groundwater Page E-12 8 /29 /94 

PRG Based on PRG Based on 
Maximum Carcinogenic Non-carcinogenic 

IHSS 200: Great Western Reservoir 

AMERICIUM- 2 4 1 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM-235 
URANIUM-238 

AMERICIUM- 2 4 1 
PLUTONIUM- 2 39 /24 0 
URANIUM- 233 /2 34 
URANIUM-235 
URANIUM-238 

PCI/L 2.100e-002 1.984e-001 
PCI/L 8.500e-002 2.070e-001 
PCI/L 4.600e+000 2.976e+000 
PCI/L 2.000e-001 2.976e+000 
PCI/L 4.200e+000 2.976e+000 

IHSS 201: Standley Lake 

PCI/L 1.000e-002 1.984e-001 
PCI/L 1.000e-003 2.070e-001 
PCI/L 8.700e-001 2.976e+000 
PCI/L 8.300e-002 2.976e+000 
PCI/L 9.100e-001 2.976e+000 

NOTES: PRG=Preliminary Remediation Goal. 
Chemicals in this table have not passed through the previous steps of the COC 
selection process. 



Table E-8 
Total Non-radionuclide PRG Values for Groundwater 8/29/94 

0 PRG Based on 
Maximum Carcinogenic 

Chemical Name Units Detected Value Risk 

IHSS 200: Great Western Reservoir 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 

OTASSIUM 

SILICON 
SILVER 
SODIUM 
STRONTIUM 
THALLIUM 
TIN 
VANADIUM 
ZINC 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 

UG/L 

UG/L 
UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/L 
UG/L 

UG/L 
UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/L 

UG/L 

UG/L 

UG/L 

UG/L 
UG/L 

UG/L 

UG/L 

IHSS 201: Standley Lake 

UG/L 
UG/L 
UG/L 

UG/L 

UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/L 

UG/L 

UG/L 1.300e+003 
UG/L 1.700e+000 

NOTES: PRG=Preliminary Remediation Goal. 
Chemicals in this table have not passed through the previous steps 
selection process. 
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Table E-8 
Total Non-radionuclide PRG Values for Groundwater Page E-14 

PRG Based on PRG Based on 
Maximum Carcinogenic Non-carcinogenic 

8/29/94 

IHSS 201: Standley Lake 

LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
POTAS S IUM 
SELENIUM 
S I LI CON 
SILVER 
SODIUM 
STRONTIUM 
THALLIUM 
TIN 
VANADIUM 
ZINC 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 

NOTES: PRG=Preliminary Remediation Goal. 
Chemicals in this table have not passed through the previous steps of the COC 
selection process. 



9 /19 /94 
Table E-9 

PRG Screen Results Page E-15 

Chemical Name 
. . . . . . . . . . . . . . . . . . . . . .  

AMERICIUM-241 
PLUTONIUM-239/240 
RADIUM-226 
URANIUM- 2 3 3 /234 
URANIUM-235 
URANIUM-238 

ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CHROMIUM 
MANGANESE 

AMERICIUM- 241 

IUM-226 
URANIUM- 233 /234 
URANIUM-235 
URANIUM-238 

ARSENIC 
CADMIUM 
CHROMIUM 
MANGANESE 

AMERICIUM-241 
PLUTONIUM-239/240 
uRANIUM-233/234 
URANIUM-235 
URANIUM-238 

ARSENIC 
BARIUM 
BERYLLIUM 
CHROMIUM 
MANGANESE 

PRG Based on PRG Based on 
Maximum Carcinogenic Non-carcinogenic Exceeds 

Units Detected Value Risk Effects PRG 
- -  - - - - -  - - - _ _ - _ - - - - - - -  _---- . . - - - - - -  - - - - - - - - - - - - - - - -  - - - - - - -  

Surface Sediments 

IHSS 200: Great Western Reservoir 

PCI/G 2.060e-001 2.373e+000 
PCI/G 3.300e+000 3.425e+000 
PCI/G 2.200e+000 2.276e+000 
PCI/G 5.400e+000 4.533e+001 
PCI/G 5.600e-001 1.730e-001 
PCI/G 4.400e+000 4.597e+001 

NO 
NO 
NO 
NO 
YES 
NO 

MG/KG 9.400e+000 3.659e-001 8.233e+001 YES 
MG/KG 2.430e+002 1.906e+004 NO 
MG/KG I. 600e+000 1.489e-001 1.372e+003 YES 
MG/KG 1.700e+000 6.259e+003 1.372e+002 NO 
MG/KG 1.980e+001 9.617e+002 1.372e+003 NO 
MG/KG 1.550e+003 1.364e+003 YES 

IHSS 201: Standley Lake 

PCI/G 1.070e-001 2.373e+000 
PCI/G 5.530e-001 3.425e+000 
PCI/G 1.400e+000 2.276e+000 
PCI/G 4.700e+000 4.533e+001 
PCI/G 2.000e-001 1.730e-001 
PCI/G 3.900e+000 4.597e+001 

NO 
NO 
NO 
NO 
YES 
NO 

MG/KG 1.770e+001 3.659e-001 8.233e+001 YES 
MG/KG 6.300e+000 6.259e+003 1.372e+002 NO 
MG/KG 3.190@+001 9.617e+002 1.372e+003 NO 
MG/KG 4.450e+003 1.364e+003 YES 

IHSS 202: Mower Reservoir 

PCI/G 9.288e-002 2.373e+000 
PCI/G 4.879e-001 3.425e+000 
PCI/G 3.500e+000 4.533e+001 
PCI/G 1.700e-001 1.730e-001 
PCI/G 3.300e+000 4.597e+001 

c OTES: PRG=Preliminary Remediation Goal. 

MG/KG 1.040e+001 3.659e-001 8.233e+001 
MG/KG 2.960e+002 1.906e+004 
MG/KG 1.500e+000 1.489e-001 1.372e+003 
MG/KG 2.210e+001 9.617e+002 1.372e+003 
MG/KG 1.170e+003 1.364e+003 

NO 
NO 
NO 
NO 
NO 

YES 
NO 
YES 
NO 
NO 

The chemicals included in this table represent the upper 99% of the risk (as calculated 
by the concentration-toxicity screen), based on maximum concentrations. 
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PRG Screen Results Page E-16 

Chemical Name 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AMERICIUM-241 
PLUTONIUM-239 /240 
POLONIUM-210 
URANIUM-233/234 
URANIUM- 2 3 5 
URANIUM-238 

ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CHROMIUM 
M A N W S E  

AMERICIUM-241 
PLU"ONIUM-239/240 
TRITIUM 
URANIUM- 233/234 
URANIUM-235 
URANIUM- 238 

ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CHROMIUM 
COPPER 
MANGANESE 
MOLYBDENUM 
STRONTIUM 
VANADIUM 
ZINC 

AMERICIUM-241 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM- 235 

IHSS 

IHSS 

PRG Based on PRG Based on 
Maximum Carcinogenic Non-carcinogenic Ex 

Subsurface Sediments 

200: Great Western Reservoir 

PCI/G 1.016e+000 6.505e+002 
PCI/G 4.030e+000 2.851e+003 
PCI/G 3.140e+000 4.309e+003 
PCI/G 3.900e+000 3.094e+004 
PCI/G 2.100e-001 1.735e+001 
PCI/G 3.300e+000 3.325e+004 

MG/KG 1.040e+001 6.812e+002 5.110e+003 
MG/KG 2.050e+002 1.176e+006 
MG/KG 2.300e+000 2.773e+002 8.517e+004 
MG/KG 2.600e+000 6.598e+006 8.517e+003 
MG/KG 2.810e+001 1.014e+006 8.517e+004 
MG/KG 7.720e+002 8.432e+004 

Surface Water 

200: Great Western Reservoir 

PCI/L 1.717e-002 1.526e+002 
PCI/L 5.000e-003 1.593e+002 
PCI/L 1.443e+002 6.783e+005 
PCI/L 1.200e+000 2.289e+003 
PCI/L 4.100e-001 2.289e+003 
PCI/L 8.700e-001 2.289e+003 

UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 

IHSS 201: Standley Lake 

PCI/L 2.600e-002 1.526e+002 
PCI/L 8.990e-003 1.593e+002 
PCI/L 1.300e+000 2.289e+003 
PCI/L 2.700e-001 2.289ec003 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

NOTES: PRG=Preliminary Remediation Goal. 
The chemicals included in this table represent the upper 99% of the risk (as calculated 
by the concentration-toxicity screen), based on maximum concentrations. 
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PRG Based on PRG Based on 
Maximum Carcinogenic Non-carcinogenic Exceeds 

Chemical Name Units Detected Value Risk Effects PRG 

Surface Water 

IHSS 201: Standley Lake 

URANIUM-238 

BERYLLIUM 
CADMIUM 
CYANIDE 
MANGmSE 
MERCURY 
MOLYBDENUM 
NICKEL 
SELENIUM 

AMERICIUM-241 
PLUTONIUM- 2 3 9 /24 0 
URANIUM-233/234 
URANIUM-235 

IUM-238 

ARSENIC 
BARIUM 
CADMIUM 
CHROMIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
VANADIUM 

AMERICIUM-241 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM-235 
URANIUM- 23 8 

ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 

PCI/L 1.100e+000 2.289e+003 

UG/L 3.600e-001 
UG/L 2.400e+000 
UG/L 2.150e+001 
UG/L 1.580e+003 
UG/L 8.200e-001 
UG/L 7.700e+000 
UG/L 3.310e+001 
UG/L 5.300e+000 

IHSS 202: Mower Reservoir 

PCI/L 1.700e-002 1.526e+002 
PCI/L 3.000e-002 1.593e+002 
PCI/L 8.200e-001 2.289e+003 
PCI/L 1.450e-001 2.289e+003 
PCI/L 6.500e-001 2.289e+003 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

Groundwater 

IHSS 200: Great Western Reservoir 

PCI/L 2.100e-002 1.984e-001 
PCI/L 8.500e-002 2.070e-001 
PCI/L 4.600e+000 2.976e+000 
PCI/L 2.000e-001 2.976e+000 
PCI/L 4.200e+000 2.976e+000 

NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
YES 
NO 
YES 

Q! OTES: PRG=Preliminary Remediation Goal. 

UG/L 2.750e+001 0.000e+000 1.460e+001 YES 
UG/L 6.900e+000 4.867e-002 1.095e+001 YES 
UG/L 1.660e+002 0.000e+000 2.555e+003 NO 
UG/L 1.600e+000 1.981e-002 1,825e+002 YES 

The chemicals included in this table represent the upper 99% of the risk (as calculated 
by the concentration-toxicity screen), based on maximum concentrations. 
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Carcinogenic Non-carcinogenic Ex 
PRG Based on PRG Based on 

Maximum 
Chemical Name Units Detected Value Risk Effects PRG 

Groundwater 

IHSS 200: Great Western Reservoir 

CADMIUM 
CHROMIUM 
MANGANESE 
NICKEL 
STRONTIUM 
VANADIUM 

AMERICIUM- 24 1 
URANIUM-233/234 
URANIUM-235 
URANIUM-238 

ARSENIC 
BARIUM 
CHROMIUM 
MANGANESE 
MOLYBDENUM 
STRONTIUM 

UG/L 2.800e+000 0.000e+000 1.825e+001 
UG/L 2.900e+001 0.000e+000 1.825e+002 
UG/L 9.590e+002 0.000e+000 1.825e+002 
UG/L 3.030e+001 0.000e+000 7.300e+002 
UG/L 5.590e+003 0.000e+000 2.190e+004 
UG/L 7.020e+001 0.000e+000 2.555e+002 

IHSS 201: Standley Lake 

PCI/L 1.000e-002 1.984e-001 
PCI/L 8.700e-001 2.976e+000 
PCI/L 8.300e-002 2.976e+000 
PCI/L 9.100e-001 2.976e+000 

UG/L 3.800e+000 4.867e-002 1.095e+001 
UG/L 3.850e+001 0.000e+000 2.555e+003 
UG/L 2.500e+000 0.000e+000 1.825e+002 
UG/L 7.020e+001 0.000e+000 1.825e+002 
UG/L 1.020e+001 0.000e+000 1.825e+002 
UG/L 1.280e+003 0.000e+000 2.190e+004 

NO 
NO 
YES 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

YES 
NO 
NO 

NOTES: PRG=Preliminary Remediation Goal. 
The chemicals included in this table represent the upper 99% of the risk (as calculated 
by the concentration-toxicity screen), based on maximum concentrations. 
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1.0 INTRODUCTION 

Various areas at the Rocky Flats Plant (RFP) are being closed and/or remediated in 
accordance with the provisions of the 1991 Interagency Agreement (LAG) signed between the 
U.S. Department of Energy (DOE), the U.S. Environmental Protection Agency (USEPA), and 
the State of Colorado (IAG 1991) to ensure protection of human health and the environment. 
The IAG integrates the closure and corrective action provisions of the Resource Conservation 
and Recovery Act (RCRA) and the Colorado Hazardous Waste Act (CHWA) with the hazardous 
substance response requirements contained in the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA). The various areas to be closed or remediated, 
called Individual Hazardous Substance Sites (MSSs), are divided into 16 Operable Units (OUs). 

DOE is in the process of conducting a RCRA Facility InvestigationRemedial 
Investigation (RFI/N) and Corrective Measures Study/Feasibility Study (CMSIFS) for each OU 
to select the most appropriate remedy for each OU. In order to identify, evaluate, and select 
a remedial alternative, the National Oil and Hazardous Substances Pollution Contingency Plan 
(NCP) states that "Alternatives shall be developed that protect human health and the environment 
by recycling waste or by eliminating, reducing, and/or controlling risks posed through each 
pathway by a site." The number and type of alternatives to be analyzed shall be determined at 
each site, taking into account the scope, characteristics, and complexity of the site problem that 
is being addressed. In developing and, as appropriate, screening the alternatives, the lead 
agency shall establish remedial action objectives specifying contaminants and media of concern, 
potential exposure pathways, and remediation goals. 'I [See 40 CFR 3OO.430(e)(2). J 

This document addresses the establishment of programmatic remediation goals which are 
contaminant- and medium-specific levels of exposure that are protective of human health and the 
environment. The combination of the Baseline Risk Assessment (BRA) results, Applicable or 
Relevant and Appropriate Requirements (ARARS), and To-Be-Considered documents (TBCs) are 
used as the basis to establish the remediation goals approved by the regulatory agencies in the 
Record of Decision (ROD). CERCLA Section 121 ana 40 CFR 300.430 allow the following 
factors to be considered when establishing remediation goals. 

Chemical-specific standards estabIished pursuant to a Federal environmental law 
or any promulgated State standard which is more stringent than a Federal standard 
are to be used to establish remediation goals. These environmental laws include, 
but are not limited to, the Toxic Substances Control Act; the Safe Drinking Water 
Act; the Clean Air Act; the Clean Water Act; the Marine Protection, Research 
and Sanctuaries Act; and the Solid Waste Disposal Act. In addition to the 
promulgated standards, the following items should be considered: 

- For systemic toxicants, remediation goals are to be established so that the 
human population, including sensitive subgroups, may be exposed without 
adverse effect through a given lifetime (Le., Hazard Index less than 1.0). 
Remediation goals are to incorporate an adequate margin of safety. 

1 



For known or suspected carcinogens, remediation goals are to be 
established to represent an excess upper-bound lifetime cancer risk to an 
individual ranging from lo4 to lod using information on the relationship 
between dose and response. The 10" risk level shall be used as the point 
of departure for determining remediation goals for alternatives where 
specific ARARS are not available protective due to multiple 
contaminants or exposure pathways. [NOTE: In cases where the 
chemical-specific ARARS result in a cumulative risk in excess of 104, 
more restrictive remediation goals may be established in accordance with 
this provision.] 

Factors related to uncertainties, technical limitations (Le., detection 
limits), and other pertinent information. 

e Non-zero Maximum Contaminant Level Goals (MCLGs), where determined to 
be relevant and appropriate, are to be attained by remedial actions for ground or 
surface waters that are current or potential drinking water sources. For MCLGs 
set at zero, the corresponding Maximum Contaminant Level (MCL) is to be 
attained when determined to be relevant and appropriate. 

e An Alternative Concentration Limit (ACL) can be established pursuant to 
CERCLA Section 121. 

a Water quality standards established under the Clean Water Act Sections 303 and 
304 are to be attained for releases to surface waters to be protective of aquatic 
life where determined to be relevant and appropriate. 

a Fauna, flora, and aquatic habitats are to be considered during the establishment 
of the remediation goals. Environmental evaluations are to be conducted to assess 
threats to the environment, especially sensitive and critical habitats protected 
under the Endangered Species Act. 

To the extent possible, chemical-specific ARARS are used to determine remediation 
goals. However, ARARs may not adequately consider the site-specific contamination or the 
cumulative effects associated with multiple contaminants and/or pathways. Therefore, chemical- 
specific ARARS are not always the sole determinant of protectiveness and are supplemented with 
risk assessments and consideration of other non-promulgated health-based criteria. The risk 
assessment process includes the evaluation of site-specific factors such as potential for exposure 
(e-g., future land use), the hazardous substances present, and the presence of sensitive 
populations and habitats. These factors will be considered during the development of the OU- 
specific BRA. 

DOE proposes to develop Risk-Based Programmatic Preliminary Remediation Goals 
(PPRGs) which will establish initial sitewide clean up targets for each environmental medium. 

I 
2 



The risk-based PPRGs incorporate BRA methodologies accepted on a sitewide basis. This report 
presents the purpose for risk-based PPRGs and methods used to calculate them. Section 2 
provides information regarding the intended current and potential future uses of the risk-based 
PPRGs. Section 3.0 describes the exposure pathways and methodology used to calculate the 
risk-based PPRGs. Section 4.0 provides references for the toxicological information used for 
each specific contaminant. Section 5.0 gives a comprehensive list of risk-based PPRGs that are 
proposed to be used to develop and screen remedial technologies and alternatives. 

2.0 PURPOSE OF RISK-BASED PROGRAMMATIC PRJ3LIMINARY 
REMEDIATION GOALS 

As stated in Section 1.0, the intended purpose for calculating risk-based PPRGs is to 
establish sitewide clean up targets for environmental con taminants. The calculation of risk-based 
PPRGs is possible through the standardization of exposure pathways and risk assessment 
methodologies. The benefits associated with developing risk-based PPRGs include: 

0 Support the CMS/FS process by allowing the development of remedial 
technologies and alternatives to proceed without an OU-specific BRA; 

0 Support the Contaminant of Concern (COC) selection process within the BRA by 
providing "Risk-Based Concentrations"; 

Support the Colorado Department of Health (CDH) conservative screen within the 
BRA; and 

0 

0 Support the evaluation of sites where accelerated cleanup actions may be 
warranted. 

In order to assure consistency with current risk assessment methodologies, Exposure 
Scenario Technical Memoranda were evaluated for use in the risk-based PPRG selection. 

Although there is a certain level of risk associated with developing remedial technologies 
and alternatives prior to fully characterizing the risks associated with the OU contamination, the 
programmatic approach is consistent with the NCP. Specifically, 40 CFR 300.430(e)(2)(i) states 
that, I' mnitially , preliminary remediation goals are developed based on readily available 
information, such as chemical-specific ARARS or other reliable information. Preliminary 
remediation goals should be modified, as necessary, as more information becomes available 
during the Remedial Investigation/Feasibility Study (RI/FS). Final remediation goals will be 
determined when the remedy is selected. " 

The "off-the-shelf" risk-based PPRGs will form the initial basis for identifying, 
screening, and evaluating potential remedial technologies and alternatives. However, the risk- 
based PPRGs are not intended to be the final justification for selecting a particular remedial 
alternative. Should the final BRA indicate that the risk-based PPRGs are not representative of 
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the actual risk posed by the contamination at the OU, the required changes will be incorporated 
as early as possible during the Development and Screening of Alternatives or Detailed Analysis 
of Alternatives. 

The extensive amount of data at each OU warranted a process that would reduce the 
number of chemicals needing assessment in the BRA. USEPA, CDH, and DOE therefore 
approved a process by which COCs could be delineated at a site. One part of this process 
evaluates low detection frequency chemicals with respect to a Risk-Based Concentration (RBC) 
value. The value to be used for the RBC will be taken from the risk-based PPRG list using a 
residential scenario. 

Data aggregation within an OU has been discussed between USEPA, CDH, and DOE, 
and an agreement has been reached on how this data aggregation is to be performed. To meet 
CDH requirements for data aggregation, the whole OU area is divided into sub-areas called 
"sources." Source area delineation is based on the environmental media data from the OU. 
After source areas are delineated, a risk-based screening process is performed for each source 
area. This screening process will use the residential exposure scenario values within the risk- 
based PPRG list. 

As required by Section IX.A.l of the IAG Statement of Work, DOE is to develop 
Corrective/Remedial Action objectives for each OU and document these objectives in OU- 
specific Technical Memoranda for submission to USEPA and/or the State for review. The 
objectives are to specify the contaminants and media of interest, exposure pathways and 
receptors, and USEPA and State accepted levels or ranges for each exposure route. The risk- 
based PPRGs will be used in conjunction with chemical-specific ARARs to establish acceptable 
PRGs for each OU. These acceptable levels or ranges (e.g., OU-specific PRGs) will be 
documented in the form of a Technical Memorandum. 

It is projected that a risk-based evaluation will be needed to screen OUs for potential 
early actions. This screening evaluation will need to employ risk-based cleanup targets so that 
areas can be ranked with respect to human health risks. Also, high risk sites will need to be 
assessed with respect to the amount of cleanup required. It is projected that the risk-based 
PPRGs will be utilized for both of these exercises within an accelerated clean-up framework. 
Based on the CDH conservative screen, accelerated actions may be implemented at sites where 
the cumulative risk ratio is greater than 100. 

3.0 EXPOSURE PATHWAYS 

In order to standardize the risk-based PPRGs across all of the OUs, programmatic 
exposure pathways and receptors were established. Table 1 identifies the receptors and exposure 
pathways selected for each environmental media. A sand and gravel mining scenario is being 
examined for the possible incorporation into the risk-based PPRG document. If it is determined 
that this exposure scenario is required, the risk-based PPRG document will be revised 
accordingly. In addition, dermal exposure will be considered during the CDH conservative 
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screen in accordance with DOE/USEPA/CDH agreements. Should the results of the CDH 
conservative screen indicate that the cumulative risk ratio is less than one, dermal exposure will 
be assessed per USEPA dermal exposure assessment guidance (USEPA, 1992). 

Standard assumptions given in Risk Assessment Guidance for Superfund (RAGS), Part 
B (USEPA, 1991) were used in developing risk-based PPRG equations where available. For 
situations not addressed by RAGS, Part B, standard assumptions given in RAGS, Part A 
(USEPA, 1989) were used. In addition, site-specific information from Exposure Scenario 
Technical Memoranda for OUs 1 through 7 was used where appropriate to supplement 
assumptions given in USEPA guidance. Best professional judgement was applied when default 
values differed from site-specific information. 

In addition to USEPA and site-specific information, CDH guidance (Interim Final Policy 
and Guidance on Risk Assessments for Corrective Action at RCRA Facilities) was consulted for 
exposure pathways and parameters. While this guidance has not been fmalized, it was reviewed 
and CDH was consulted on its use during development of the risk-based PPRG equations. 

Due to the many programs that these risk-based PPRGs will support, elements from 
USEPA and CDH guidance, as well as site-specific information, were used to develop the risk- 
based PPRGs. This compromise approach will assure that all objectives of the document are 
met while maintaining the health protectiveness of the risk-based PPRGs. 

4.0 METHODOLOGY, EQUATIONS, AND ASSUMPTIONS 

This section presents the methodology, equations, and assumptions that were used to 
calculate the risk-based PPRGs. In general, the following USEPA guidance documents were 
used as the basis to derive the risk-based equations and exposure default values to calculate the 
risk-based PPRGs. 

Human Health Evaluation Manual, Part B: Development of Risk-Based 
Preliminary Remediation Goals, (USEPA 1991); 

Risk Assessment Guidance for Supe@nd, Volume I: Human Health Evaluation 
Manual (Part A), (USEPA 1989); 

Changes to Equations in the Part B Guidance, (Dinan 1992); 

Revisions to Chapter 4: Risk-based PRGs for Radioactive Contaminants, (USEPA 
1993b); and 

Human Health Evaluation Manual, Supplemental Guidance: Standard Default 
Exposure Factors, OSWER Directive 9285.6-03, (USEPA, 1991b). 

6 



To ensure that all of the contaminants that may be encountered at the RFP are addressed, 
risk-based PPRGs were developed for all Target Analyte List (TAL,) metals, Target Compound 
List (TCL) organics and 12 radionuclides for each receptor (Le., resident, office worker, 
construction worker, and ecological researcher) and environmental media (Le., surface soil, 
subsurface soil, ground water, and surface water) combination identified on Table 1. Separate 
risk-based equations were developed to account for the carcinogenic, noncarcinogenic, and/or 
radiological effects of the contaminant. Risk-based PPRGs for carcinogens (including 
radionuclides) were calculated by setting the carcinogenic target risk level at lod. A target risk 
level of lod means an individual has a one-in-one-million probability of developing cancer over 
a lifetime as a result of exposure to a specific con taminant. This risk is in addition to the 
probability of an individual developing cancer from other factors such as those associated with 
heredity or lifestyle. Similarly, risk-based PPRGs for toxicants (non-carcinogens) . were 
calculated by setting the hazard index equal to 1 for each con taminant. A hazard index is the 
ratio between the contaminant concentration and a reference dose. The reference dose represents 
the exposure level to the contaminant below which adverse effects are not expected. For some 
of the contaminants both carcinogenic and noncarcinogenic toxicity information was available. 
For these contaminants, both a carcinogenic and noncarcinogenic risk-based concentration were 
calculated and the more restrictive value was used as the risk-based PPRG. The risk-based 
equations for radiological effects were used to calculate the risk-based PPRGs for the 12 
radionuclides. 

The risk-based PPRG equations include all of the exposure pathways (e.g., Direct 
Ingestion of Soils) listed in Table 1 for each exposure scenario/environmental media 
combination; separate risk-based PPRGs were not be calculated for each exposure pathway. 
When available, USEPA-specified default values were used to calculate the risk-based PPRGs. 
In the absence of USEPA guidance on specific parameters, site-specific default values were 
established based on previous DOE reports on specific operable units. 

4.1 Surface Soils 

Exposure pathways, equations, assumptions, and default values used to calculate the 
surface soil risk-based PPRGs for each receptor scenario are presented in this section. The 
receptors considered include residential use, office worker, and ecological researcher. The risk- 
based equations for all receptors included the following exposure pathways: 

0 Direct ingestion of soils contaminated with organic and inorganic (including 
radionuclides) contaminants; 

e Inhalation of non-volatile organic and inorganic (including radionuclides) 
particulates; and 

0 External radiation exposure due to radionuclide contaminants. 
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4. L 1.1 Residential Exposure 

For the residential exposure to surface soil, a combined adult and child exposure was 
assessed for the soil ingestion pathway. All other pathways were based on an adult exposure 
only. 

The equations and assumptions used to derive risk-based PPRGs for surface soils with 
carcinogenic COCs are shown on Table 2, and the corresponding equation for COCs with 
noncarcinogenic effects is shown on Table 3. Table 4 shows the equation used to calculate risk- 
based PPRGs for radionuclides. All default values were based on USEPA guidance. 

4.1.2 CommerciaUIndustrid Exposure 

For the commercial/industrial exposure to surface soils, an office worker receptor was 
assessed. The equations and assumptions used to derive the risk-based PPRGs for surface soils 
are shown on Table 5 for COCs with carcinogenic effects, on Table 6 for COCs with 
noncarcinogenic effects, and on Table 7 for radionuclides. All default values were based on 
USEPA guidance. 

4.1.3 Ecological Researcher Exposure 

The risk-based PPRG equations and assumptions for exposure of an ecological researcher 
to surface soils are shown on Tables 8, 9, and 10 for potential carcinogens, noncarcinogens, and 
radionuclides, respectively. Because the ecological researcher is a site-specific receptor, site- 
specific exposure assumptions were developed. Specifically, the exposure frequency and 
duration were based on site-specific information. Other exposure assumptions were based on 
USEPA guidance pertaining to a commercial/industrial land use scenario. 

4.2 Subsurface Soils 

This section presents the exposure pathways, equations, assumptions, and default values 
used to calculate the subsurface soil risk-based PPRGs. Only a construction worker scenario 
was considered for this environmental media and the risk-based PPRGs were based on the 
following exposure pathways: 

a Direct ingestion of soils contaminated with organic and inorganic (including 
radionuclides) contaminants; 

e Inhalation of non-volatile organic and inorganic (including radionuclides) 
particulates; 

e External radiation exposure due to radionuclide contaminants; and 

0 Inhalation of volatiles. 
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4.2.1 Residential Exposure 

A scenario involving residential exposure to subsurface soils was not considered to be 
credible and was therefore not included in the calculation of risk-based PPRGs. 

4.2.2 Commercial/Industrid Exposure 

The risk-based PPRG equations and assumptions are shown on Tables 11, 12, and 13 for 
potential carcinogens, noncarcinogens, and radionuclides, respectively. USEPA guidance does 
not specify exposure assumptions specific to a construction worker receptor. Therefore, site- 
specific information was used to develop assumptions for exposure frequency, exposure duration, 
and ingestion rate. All other exposure assumptions were based on USEPA guidance for a 
commercial/industrial land use scenario. 

For the pathway involving inhalation of volatiles, a volatilization factor was calculated 
according to USEPA guidance as shown in Table 14. The volatilization model is applicable only 
if the soil concentration is at or below soil saturation. Thus, for those compounds for which the 
risk-based PPRG exceeds the soil saturation limit, the risk-based PPRG is set at the soil 
saturation limit. The soil saturation was calculated as shown on Table 15. 

4.2.3 Ecological Researcher Exposure 

The likelihood of having an ecological researcher exposed to subsurface soils was not 
considered to be credible and was therefore not included in the calculation of risk-based PPRGs. 

4.3 Ground Water 

This section presents the exposure pathways, equations, assumptions, and default values 
used to calculate the ground water risk-based PPRGs. Residential use of the ground water was 
the only receptor considered. The risk-based equations included the following exposure 
pathways: 

Direct ingestion of ground water contaminated with organic and inorganic 
(including radionuclides) contaminants; and 

Inhalation of volatile organics during domestic use. 

4.3.1 Residential Exposure 

The equations and assumptions used to derive risk-based PPRGs for residential use of 
ground water are shown on Table 16 for carcinogens, Table 17 for noncarcinogens, and Table 
18 for radionuclides. All default exposure assumptions were based on USEPA guidance. 
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TABLE 14 

VOLATILIZATION FACTOR 
SUBSURFACE SOIL - CONSTRUCTION WORKER 

(ts v x  Dm x (3.14 x a x ?)Ip 
v F =  

2 x Dn. x Pa x Kpc 

where, 

Variable Exdanation (Units) Default Value 

VF 
Ls 
V 
DH 
A 
Dei 
Pa 
pt e 
l3 
P S  

Ks 
T 

H 
Di , 

f(d 
K, oc 

volatilization factor (m3/kg) 
length of side area (m) 
wind speed in mixing zone (ds )  
diffusion height (m) 
area of contamination (cm2) 
effective difisivity (cm2/s) 
air-filled soil porosity (unitless) 
total soil porosity (unitless) 
soil moisture content (cm3/water/g-soi1) 
soil bulk density (g/cm3) 
true soil density or particle density (g/cm3) 
soil-air partition coefficient (g-soii/cm3-air) 

exposure interval (s) 
diffusivity in air (cm2/s) 
Henry's Law constant (atm-m3/mole) 
soil-water partition coefficient (cm3/g) 
organic carbon partition coefficient (cm3) 
organic carbon content of soil (fmction) 

-- 
45 
2 
2 
20,250,000 
D i x P a  3.33/p 2) 

P, - el3 
l-(%s) 
10% or 0.1 
1.5 
2.65 (H/w x 41, (41 is a 
conversion factor) 
7.9 x lo8 
COC-specific 
COC-specific 
G X O C  
COC-specific 
2% or 0.02 

Source: Dinan, 1992. 
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TABLE 15 
SUBSURFACE SOIL - CONSTRUCTION WORKER 

VOLATILIZATION FACTOR - SATURATED CONDITIONS 

- (KA x c, x p) + (C, x P,) + (C, % H' x P") 
P CLt - 

where: 

Variable 

csal 

Kd 

H 

Exulanation (units) Default Value 

soil saturation concentration (mg/kg) -- 
soil-water partition coefficient (L/kg) & X O C  
organic carbon partition coefficient (Wkg) 
organic carbon content of soil fraction 
upper-limit of free moisture in soil (mg/L water)S x 6, 
soil moisture content (kg-water/kg-soil) 
solubility in water (mg/L water) 
soil bulk density (kg/L) 1.5 

2% or 0.02 
COC-specific 

10% or 0.1 
COC-specific 

water filled soil porosity (unitless) 
air-filled soil porosity (unitless) 

total soil porosity (unitless) 

pt - pa 
P, -efi 
10% or 0.1 
1 - (B/PJ 
2.65 
H x 41, (41 is a 
conversion factor) 

soil moisture content (L water/kg soil) 

true soil density or particle density (kg/L) 
Henry's Law constant (unitless) 

Henry's Law constant (atm-m3/mole) COC-specific 

Source: Dinan, 1992. 
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4.3.2 Commercial/Industrial Exposure 

A scenario involving commercial/industrial exposure to ground water was not considered 
to be credible and was therefore not included in the calculation of risk-based PPRGs. 

4.3.3 Ecological Researcher Exposure 

A scenario involving exposure of an ecological researcher to ground water was not 
considered to be credible and was therefore not included in the calculation of risk-based PPRGs. 

4.4 Surface Water 

This section presents the exposure pathways, equations, assumptions, and default values 
used to calculate the surface water risk-based PPRGs for each receptor scenario. The receptors 
considered include residential use and ecological researcher. The risk-based equations for the 
residential receptor were based on exposure via swimming, while the risk-based equations for 
the ecological researcher were based on exposure via wading. For both receptors, the exposure 
pathways included direct ingestion of surface water. 

4.4.1 Residential Exposure 

The equations and assumptions used to derive risk-based PPRGs for residential exposure 
to surface water while swimming are shown on Tables 19 through 21 for carcinogens, 
noncarcinogens, and radionuclides, respectively. All assumptions were based on USEPA 
guidance. 

4.4.2 Cormnercialhdustrial Exposure 

The likelihood of having a commercialhdustrial exposure to surface water was not 
considered to be credible and was therefore not included in the calculation of risk-based PPRGs. 

4.4.3 Ecological Researcher Exposure 

The risk-based PPRG equations and assumptions for exposure of an ecological researcher 
to surface water while wading are shown on Tables 22 through 24 for carcinogens, 
noncarcinogens, and radionuclides, respectively. USEPA guidance does not provide default 
values specific to this receptor. Therefore, site-specific information was used to determine 
exposure frequency and duration. All other exposure assumptions were based on USEPA 
guidance for swimming. 
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5.0 CONTAMINANT TOXICITY INFORMATION 

The COC-specific toxicology values used for the calculation of the risk-based PPRGs are 
presented in Table 25. The toxicity information used to calculate the risk-based PPRGs included 
the slope factor and unit risk for evaluating carcinogenic effects and the reference dose (RfD) 
and the reference concentration (RfC) for evaluating noncarcinogenic effects. Toxicity values 
were obtained from the latest information contained on the Integrated Risk Information System 
(IRIS). If values were not available from IRIS, the Health Effects Assessment Summary Tables 
Annual Update, (USEPA 1993a) was consulted. Values for polycyclic aromatic hydrocarbons 
were calculated using USEPA guidance entitled Provisional Guidance for Quuntitative Risk 
Assessment of Polycyclic Aromatic Hydrocarbons (USEPA 1993~). 

6.0 RISK-BASED PROGRAMMATIC PRELIMINARY REMEDIATION GOALS 

For each potential COC, the calculated risk-based PPRG for the exposure scenario (Le., 
receptor and environmental media combination identified on Table 1) are given on Table 26. 
Where a chemical has both carcinogenic and noncarcinogenic effects, the more stringent of the 
calculated risk-based levels was selected as the risk-based PPRG. The calculated risk-based 
PPRGs are generally pertinent to all of the OUs should the contaminant be identified as an OU- 
specific COC. However, OU-specific factors may disqualify some or all of the risk-based 
PPRGs should these factors preclude one or more of the exposure pathways which formed the 
basis of the risk-based equations. For example, the risk-based PPRGs for the ground water 
media may not be applicable at OUs where the ground water is not of sufficient quantity or 
quality to support domestic residential use. Also, residential use risk-based PPRGs may not be 
appropriate for areas where the future land use will be solely devoted to commercial and/or 
industrial facilities. 

As stated early, the programmatic risk-based PRGs presented in Table 26 are not 
intended to be the f w l  cleanup standards listed in the ROD. Other factors such as, but not 
limited to, background contaminant concentrations, results of the OU-specific BRA, technology 
limitations, detection methods, chemical-specific ARBRS, cost-benefit evaluations, worker 
safety, and ecological effects will need to be considered when establishing the final cleanup 
standards. The risk-based PPRGs are to be used as a standardized set of limits to enable 
screening of potential remedial technologies and alternatives. As additional information is 
obtained through the RFI/RI and CMS/FS processes, it may be determined that the risk-based 
PPRGs are not representative of the actual risk posed by the contamination at the OU. .If this 
situation occurs, the required changes will be incorporated as soon as possible during the 
Development and Screening of Alternatives or Detailed Analysis of Alternatives. 
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APPENDIX F. SEDIMENTS AND SURFACE WATER MAPS 

Appendix F contains maps showing the concentrations and activities of selected metals and 

radionuclides at each sampling location for sediments (grab samples only) and surface water. 

Th.ese maps were used for spatial analysis of concentration and activity patterns to determine if 

patterns indicated deposition of contamination or natural variability. The following figures 

illustrate the spatial distribution of selected metals, as well as plutonium, americium, and 

uranium, in sediments and surface water: 

0 Figure F-1 - IHSS 200 -Stream and Reservoir Sediments (arsenic, beryllium, 

calcium, chromium, iron, manganese, potassium, and zinc) 

0 Figure F-2 - IHSS 201 -Stream and Reservoir Sediments (arsenic, beryllium, 

calcium, chromium, iron, manganese, potassium, and zinc) 

0 Figure F-3 - IHSS 202 -Stream and Reservoir Sediments (arsenic, beryllium, 

calcium, chromium, iron, manganese, potassium, and zinc) 

0 Figure F-4 - IHSS 200 -Stream and Reservoir Sediments ("'Am, 238/240Pu, 
233/234~, 2 3 6 ~ ~  and 2 3 8 ~ )  

Figure F-5 - IHSS 201 -Stream and Reservoir Sediments ("'Am, 238'240Pu, 
233/2341), 236U, and 238u) 

Figure F-6 - IHSS 202 -Stream and Reservoir Sediments (241Am, 238n40Pu, 
233/234u, 2 3 6 ~ ~  and 2 3 8 ~ )  

0 Figure F-7 - IHSS 200 -Stream and Reservoir Surface Water (arsenic, beryllium, 

calcium, chromium, iron, manganese, potassium, and zinc) 
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0 Figure F-8 - IHSS 201 -Stream and Reservoir Surface Water (arsenic, beryllium, 

calcium, chromium, iron, manganese, potassium, and zinc) 

e Figure F-9 - IHSS 202 - Stream and Reservoir Surface Water (arsenic, beryllium, 

calcium, chromium, iron, manganese, potassium, and zinc) 

The metals arsenic, beryllium, and manganese have been eliminated as COCs by the weight-of- 

evidence evaluation (Section 5.0; Table 5-1). The remaining metals are shown as examples of 

chemicals eliminated by earlier COC steps. 
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APPENDIX G. PROBABILITY PLOT ANALYSIS 

A probability plot analysis was performed on selected chemicals in surface sediments and 

surface water to assess whether a chemical concentration/activity data set (i.e., population) 

represents either a background (natural or anthropogenic in the case of global fallout of 

radionuclides) or contaminated population. A contaminated population may indicate the 

chemical is a chemical of concern (COC). This analysis was performed using a statistical 

software program called PROBPLOT, PROBPLOT was used to  define the number of populations 

present and the concentration/activity range for each population. A description of the results 

and methods of the probability plot analysis are presented in this appendix. 

The analysis indicated the presence of one statistically normal population for each of the metals 

and radionuclides in each of the IHSS with the exception of aluminum, chromium, manganese, 

and 23"2"0Pu in Mower Reservoir (IHSS 202) and chromium in Great Western Reservoir (IHSS 
200) (Table G-1 ). In these cases where two populations were identified, the concentration/ 

activity variations represent subpopulations within the population and are attributed to 

geochemical (complexation, adsorption, dissolution, precipitation), organic (aquatic organisms, 

plants, and detritus), and physical processes (transport and deposition) that collectively cause 

natural variability. The final decision whether a chemical is a COC will be made after reviewing 

the other weight-of-evidence evaluation results. 

A more detailed description of the results and methods employed in the evaluation is included in 

this appendix, which is divided into the following sections: 

0 PROBPLOT Procedure (Section G.21 

0 Data Input (Section G.3) 

0 Data Interpretation for Sediments (Section G .4) 

Data Interpretation for Surface Water (Section G.5) 0 

0 PROBPLOT Output (Section G.6) 

0 References 
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TABLE G-I 

RESULTS OF PROBABILITY PLOT ANALYSIS 
NUMBER OF DATA POPULATIONS 

Surface Sediments 

Chemical 200 201 202 lHSSs Combined 

IHSS Surface Water 

Aluminum 

Arsenic 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Iron 

Lead 

Lithium 

Manganese 

Mercury 

Nickel 

Silicon 

Zinc 
23S/240pu 

23312341) 

=U 

1 

1 

1 

1 

2N 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2N 

1 

1 

1 

2N 

1 

1 

1 

1 

2N 
1 

1 

1 

1 

2N 

1 

1 

Notes: 

- = Analysis not performed. 
One population may indicate chemical is not a COC. Population represents 
background conditions. 
Two or more populations may indicate chemical is a COC. 
N = Second population is attributed to natural background processes. 
Chemical does not appear to be a COC. 
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6.2 PROBPLOT PROCEDURE 

PROBPLOT is an interactive software tool (Stanley, 1987) that allows a user to statistically 

evaluate cumulative frequency distributions for a given data set. The PROBPLOT analysis 

determines the number of populations and statistical boundaries present. The software 

program was used to evaluate the concentration/activity distributions of specific metals and 

radionuclides contained in sediment and surface water samples at  OU 3. The distribution 

information was used to define the number of populations present and the concentration range 

for each population and each metal/radionuclide data set. PROBPLOT has been used at the 

Operating Industries, Inc. (011) Superfund site (EPA, 1 9941, the Lawrence Livermore National 

Laboratory (DOE, 1994), and has been used extensively by the mining industry for over 

20 years to  identify geochemical anomalies for exploration (Sinclair, 1 986; Sinclair, 1976; 

Stanley, 1987). 

The computer analysis in PROBPLOT compares the actual cumulative frequency distribution for 

given data sets with that of a normally distributed population. In a cumulative frequency 

distribution, the concentration frequencies of a distribution are cumulated from low to high 

values. Cumulating from low to high produces a "less than" distribution where each cumulative 

frequency includes all concentrations/activities that are less than a given value. The model is 

flexible; it is capable of representing numerous forms of frequency distributions consisting of 

combinations of normal or lognormal component populations. 

PROBPLOT generates a probability plot that presents the distribution for each population 

identified within a data set. The mean plus two standard deviations (i.e., threshold) value is 

also summarized for each population. 

G.3 DATA INPUT 

Metal and radionuclide concentrations/activities from the surface-sediment and surface-water 

samples collected from Great Western Reservoir (IHSS 2001, Standley Lake (IHSS 201 ), and 

Mower Reservoir (IHSS 202) for the RFI/RI for OU 3 were analyzed using PROBPLOT. Surface- 

sediment samples, collected in each reservoir and in the adjoining creeks for each of the IHSSs, 

DEN1001 5F5B.WP5 09/20/94/7 :07pm 
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were used in the PROBPLOT analyses. Only concentration data reported above the detection 

limit (Le., detects) were used in the PROBPLOT analysis. The concentration/activity data were 

logtransformed before being input into PROBPLOT because natural environments are typically 

lognormally distributed (Rose, 1979). If multiple samples were collected at a given location, 

the data values for the additional samples were averaged prior to analysis. However, for 

Mower Reservoir, if a given location was sampled more than once, the samples were treated as 

individual samples and not averaged. This was done in order to have a sufficient number of 

data points for the PROBPLOT analysis. (A minimum of 15 points is required by the PROBPLOT 

program to define populations [Stanley, 19871.) The following metals and radionuclides for 

sediments at  each IHSS were evaluated: 
.. 

0 Aluminum 0 Manganese 

0 Arsenic 0 Mercury 

0 Beryllium 0 Nickel 

0 Cadmium 0 Silicon 

0 Chromium 0 Zinc 

0 Cobalt 0 233/234() 

0 Iron 0 2 3 6 ~  

0 Lead 0 239I24Opu 

0 Lithium 

A probability plot for every metal is not included in this appendix. A subset was selected based 

on their potential toxicity. Additional metals were selected to provide information on the 

potentiai geochemical association with other metals or processes. For example, cobalt and 

nickel are similar in chemical behavior. Therefore, information on each of these metals can be 

used to confirm the conclusions made. 

Surface-water samples were collected in the streams upgradient to RFP to establish background 

levels. The background data sets were collected from areas considered unimpacted by RFP 

activities and are described in the fi (DOE, 

1993). If more than one sample was collected at a given location for either the background or 

the OU 3 data, each value was used as part of the data set. No averaging of the data was 

09/20/94l7:07pm DEN1001 5F5B.WP5 
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performed. Only detected data were used in the analysis. Surface-water data collected (creek 

and reservoir data) for the three IHSSs (Great Western Reservoir-200, Standley Lake-201, and 

Mower Reservoir-202) were combined with background data to determine if more than one 

population was present. The background and OU 3 surface-water data were combined to have 

a sufficient number of samples (i.e., 15 or greater) because some of the metals had low 

detection frequencies. Probability plots were generated for arsenic, lead, manganese, iron, and 

silicon. These metals were selected based on their toxicity factors and potential association 

with other metals and geochemical processes. 

6.4 DATA INTERPRETATION FOR SEDIMENTS 

This section presents the interpretation of the probability plots for the surface-sediment data. 

Based on the PROBPLOT analysis, the chemicals in the OU 3 surface sediment exhibit low 

concentrations/activities of naturally occurring metals and radionuclides and appear to represent 

a single, background population (see Table G-1 1. This subsection provides an example of a 

chemical exhibiting a population that appears to  represent contamination, brief descriptions of 

the processes that cause variability within a natural background population, and the results for 

each metaVradionuclide evaluated. 

For OU 3 sediments, the rnetaVradionuclide analytical results for samples from each of the 

three reservoirs were evaluated separately. However, the creek sediment data associated with 

each reservoir were included with reservoir sediments in the data sets. This was done in order 

to evaluate the complete physical system of the reservoir. 

Geochemical evaluations (of all the metals/radionuclides in total), the low concentrations 

present, geologic setting, and available background and benchmark data indicate the population 

identified in PROBPLOT represents a statistically normal background population. 

Where more than one population is identified in PROBPLOT, the two populations can either 

represent background and contamination (depending on the magnitude of differences for each 

population) or represent natural physical processes within the background population that result 

DEN1001 5F5B.WP5 
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in a concentration/activity slightly elevated above the upper limit background 

concentration/activity . 

To illustrate a scenario where a probability plot shows two populations that represent one 

background population and one contamination population, the OU 3 239’240Pu data from surface- 

soil samples were evaluated. Based on the Gilbert statistical analysis (see Subsection 4.31, 

some of the soil sample activity values were above background; however, most were below 

background. Therefore, the OU 3 soil sample results represent two populations (one 

background and one with elevated 239’240Pu activities). The data set used for the PROBPLOT 

analysis included the OU 3 RFI/RI soil plots plus the Jefferson County Remedy Acres samples. 

The histogram and probability plot for the soil data clearly show two separate populations (see 

Figures G-1 and G-2a). The statistically defined threshold level (defined as the mean plus two 

standard deviations) is the activity at which background is exceeded in the cumulative 

frequency distribution and is 0.07 pCi/g for this data set. This value compares favorably with 

the background mean plus two standard deviations of 0.09 pCi/g that was calculated using the 

surface-soil background data. 

In reviewing the soil probability plot (Figure G-2a1, it is important to note that the two 

population distributions diverge with increasing plutonium activities rather than converge. In 

the OU 3 sediment data sets where two populations are identified (for example, aluminum for 

IHSS 2021, the populations converge at higher concentrations/activities (Figure G-2b). The 

convergence of the upper and lower populations indicates that, unlike the diverging 

populations, these represent two subpopulations of a single (background) population. The 

upper subpopulation represents a concentration/activity range of values resulting from 

precipitation or adsorption of the individual metaVradionuclide. As a comparison, aluminum in 

Great Western Reservoir (IHSS 202 1 represents a single, background population (figure G-2~1, 

In the sediment PROBPLOT results, most of the plots for a given metalhadionuclide show all 

the data for an IHSS to be below the threshold value (clearly indicating one population). In the 

cases where more than one population is identified, the threshold values for the two 

DEN 100 1 5F5B.WP5 
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###################################################################~#### 
SUMMARY STATISTICS and HISTOGRAM LOGARITHMIC VALUES 

Variable = Pu239240 U n i t  = PCI/ N = 109 

Mean = -0.7519 Min = -2.1249 1st Quartile = -1.4401 
Std. Dev. = 0.722 1 Max = 0.8108 Median = -0.6575 

CV X = 96.0377 Skewness = -0.0837 3rd Quartile = -0.1343 

Anti-Lag Mean = 0. 177 Anti-Log Std. Dev, : (-1 0.034 
(+I 0.934 

' = = = = = = = = 3 = p = ' = ' = = = = = = ' = = = p = = = = = = B = B = = = p  

X cum X anti log c l s  i n t  (#  of b i n s  = 21 - b in  s i z e  = 0.1468) ----- -------- ------- ___--__--__----------------------------- 
0.00 0.45 0.006 -2.1983 
0.92 1.36 0.009 -2.0515 * 
2.79 4.09 0.012 -1.9048 ** 
5.50 9.5s 0.017 -1.7580 **** 
6.42 15.91 0.024 -1.6112 ***** 
6.42 22.27 0.034 -1.4644 ***+* 
9.17 31.36 0.048 -1.3176 ******* 
3.67 35.00 0.067 -1.1708 *** 
6.42 41.36 0.095 -1.0240 ***** 
1.85 43.18 0.133 -0.8773 * 
3.67 46.82 0.186 -0.7305 *** 
5.56 52.27 0.261 -0.5837 **** 
7.34 59.55 0.366 -0.4369 **- 

Background Population > 
\ 

5.50 45.00 - 0.513 
8.26 73.18 0.719 

11.93 85.00 1 . 008 
6.42 91.36 1.413 
4.59 95.91 1 . 982 
0.92 96.82 2.778 
1.83 98.64 3.996 
0.00 98.64 5.462 
0.92 99.55 7.659 ---------------------- 

-0.2901 **** 
-0.1433 *H*** . ' 

\ Contaminated Population 

Figure G-1 
SURFACE SOIL 239/240Pu PROBPLOT RESULTS 
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populations are similar (indicating the second population is due to natural processes and not 

contamination). 

The overall OU 3 data sets exhibit a range of concentrations/activities within expected natural 

ranges for sediment data, as seen in the benchmark comparison described in previous sections 

of TM 4. The logarithmic values for the metals and the radionuclides evaluated range from 

approximately -0.4 to almost 5; yet the logarithmic values of the standard deviations range 

from only 0.1 to 0.4 with an average of approximately 0.25. In other words, there is little 

variation from the mean concentrations/activities, regardless of the value of the mean metal or 

radionuclide concentration/activity for the OU 3 sediments. If concentration levels were the 

result of contamination, there would be higher standard deviations for the contaminating 

constituents (Rose et ai., 1979). These small, similar standard deviations suggest that the 

sediments probably represent background conditions and are within naturally expected 

variability. 

6.4.1 Reasons for Naturally Occurring Variability 

Several physiochemical processes cause variability in sediments in nature, depending on 

geologic setting. The predominant processes causing variability within OU 3 sediments are 

described in the following paragraphs. 

Geochemical Processes 

The sediment grab samples were collected from both the streams draining into the reservoir 

and the reservoir itself. Within the reservoir, sediment samples were collected from both 

peripheral (inlets, shoreline, and adjacent to the dam) and central parts of the reservoir. Each 

of the individual sediment sample locations represent unique local environments with differing 

microbiota, physicochemical conditions, water depth, and flow regimes. Each environment 

results in spatially variable concentrations of metals and/or radionuclides. For example, streams 

have significantly higher flow velocities than reservoirs; this generally results in coarser-grained 

sediment, oxygenated water (i.e., oxidizing oxidation-reduction (Eh) conditions), near-neutral 

pH, and a highly variable aerobic microbiotic and aquatic population (Rose et al., 19791. 

DEN1001 5F5B.WP5 09/20/94/7 :07pm 
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Coarse-grained sediments typically have lower metal concentrations in comparison to finer- 

grained sediments because of the lower surface area for a given volume of sediment; this 

results in a lower number of sorption sites (Davis and Kent, 1990). Oxidizing conditions with 

near-neutral pH minimizes the dissolved metals concentrations because metals are least soluble 

in these environmental conditions (Rose et al., 1979). Compared to the reservoir sediments, 

the stream sediments have a very low total organic carbon (TOC) and nutrient load; thus, less 

chemical reactions with organics occur. As a result, lower metal concentrations are expected. 

Phvsical Processes 

Shoreline peripheral sediments primarily reflect the local land use, soils, and bedrock 

composition. The sediment composition can be highly variable because of surface-water 

runoff, such as irrigation return flow, industrial outfalls, return rills, and sheetflow into the 

reservoir. Reservoir sediments in the nearshore area (littoral) are generally finer-grained than 

stream sediments, but much coarser than either the central reservoir or in the area adjacent to 

the dam. 

The central area of the reservoir and the area adjacent to the dam receive the finest-grained 

material. As a stream enters a reservoir, a deltaic environment at the inlet of the reservoir is 

created wherein the coarser-grained sediments settle near the inlet as the flow velocity 

decreases. Finer-grained sediments are transported farther into the reservoir. The finer-grained 

sediments are a mixture of clay minerals, natural organic acids (humic and fulvic), and iron, 

manganese, and aluminum oxyhydroxide flocculants (Davis and Kent, 1990). Both the organic 

acids and the oxyhydroxide flocculants contain variable concentrations of complexed and 

adsorbed metals (Rose et ai., 1979). Generally, only the finest-grained material reaches the 

reservoir area nearest the dam (the deepest portion of the reservoir). 

Oraanic Processes 

In addition, algal growth in the reservoir can change the pH (and to an extent, the Eh) of the 

reservoir water on not only a seasonal, but also a diurnal, cycle. The pH of reservoir water can 

change from a near-neutral pH of 7 during darker hours to a more alkaline pH of 8.5 to 9 during 
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the daylight hours (Hem, 1985). This cycle can cause a change in dissolved (at near-neutral 

pH) versus precipitated (more alkaline pH) metal concentrations. Carbonate minerals (calcium, 

iron, and, potentially, magnesium and manganese) can be precipitated and become part of the 

sediments on both diurnal and seasonal cycles, thus causing temporal variations in 

concentrations (Hem, 1985). 

Variability in concentrations/activity can also be caused by how the sample is collected and 

what materials compose the sample. For example, the more organic-enriched and fine-grained 

materials in the sample, the greater the concentration of metals (Rose et al., 1979). 

As the above discussion illustrates, the variability in stream and reservoir sediment 

environmental conditions (i.e., sample locations) can result in a concentration/activity range of 

values within a statistically normal background population; that is, these processes cause 

natural variability within a population without any contribution from a potential contaminant. 

When statistically evaluated using cumulative frequency distributions, one population or several 

subpopulations that are a result of these physiochemical processes may be identified. Two 

populations may also be identified with one population representing background and one 

population representing contamination, as seen in the soil plot example in Figures G-1 and G-2. 

As described in the following paragraphs, most of the metals and radionuclides are defined by a 

single (low concentration range, similar to benchmark ranges) population that defines 

background concentration/activity ranges. Each reservoir also has environmental 

characteristics that cause some differences in concentration and characteristics. These result 

from natural variation attributable to the physiochemical factors described above. 

The PROBPLOT results for each metal and radionuclide that was evaluated are discussed in the 

following paragraphs. PROBPLOT output for each metal and radionuclide for each IHSS is 

included in Subsection G.6. 

6.4.2 Aluminum 

Aluminum is the third most abundant element in the earth's crust (Hem, 1985). Based on the 

probability plots, one population was identified for Great Western Reservoir and one for 
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Standley Lake. In Mower Reservoir, two populations were identified. The two populations in 

Mower Reservoir are most likely the result of organic processes occurring in the reservoir and 

represent subpopulations within a background population, as described in the following 

paragraphs. 

Mower Reservoir sediments have the highest mean and median Concentrations (1 3,300 and 

1 4,600 mgkg, respectively) but the lowest maximum concentration (1 8,300 mg/kgl of the 

three reservoirs. The small range of aluminum concentrations (less than an order of magnitude) 

between the mean, median, and maximum values indicates physiochemical processes are 

occurring in Mower Reservoir, thus causing two subpopulations. If contamination were 

present, a larger difference in the mean, median, and maximum would be expected. This small 

range in aluminum concentrations and similarity in threshold values for each population is 

shown on the probability plot by the subpopulations converging at higher concentrations. 

In Mower Reservoir, pH fluctuations and algal growth have been observed. The higher pH 

generated by algae in Mower Reservoir results in clay minerals precipitating out of solution 

more readily than in the other two reservoirs. Therefore, algal activity increases aluminum 

concentrations. The kinetics of clay-mineral precipitation increase with pHs above 8 (Stumm, 

1990). The clay precipitation also enhances the potential for coprecipitation of metals 

(calcium, magnesium, sodium, iron, and lithium) into the Mower Reservoir sediments (Deer 

et al., 1971). 

Based on the varying pH in Mower Reservoir, the similarity of the two populations within 

Mower Reservoir, and the similarity of Great Western Reservoir and Standley Lake, it is most 

probable that the aluminum in Mower Reservoir sediments represents natural variability within 

background (two subpopulations within background), and is not representative of a 

contamination source. 

6.4.3 Arsenic 

One population was identified for arsenic in each of the three reservoirs, with little difference in 

arsenic concentrations .in Great Western Reservoir and Mower Reservoir; their respective means 
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were 4.7 and 4.8 mg/kg and their respective maximums were 9.4 and 10 mg/kg. Standley 

Lake has essentially the same mean (5.0 mg/kg) but almost twice the maximum concentration 

(1 9 mgkg) compared to  Great Western Reservoir and Mower Reservoir. However, Standley 

Lake also receives sediments from the highly mineralized Clear Creek drainage, which may 

account for the higher maximum concentration. The similar mean concentrations of arsenic for 

the three reservoirs, coupled with the single population defined by the PROBPLOT analysis for 

all three reservoirs, indicates a common background population. 

6.4.4 Bervllium 

Beryllium in sediments shows no difference in mean (0.78, 0.59, and 0.95 mg/kg for IHSSs 

200, 201 , and 202, respectively), standard deviation (1.45, 1.84, and 1.47 mg/kg for IHSSs 

200, 201, and 202, respectively), and median (0.83, 0.6, 1.1 mgkg for IHSSs 200, 201, and 

202, respectively) concentrations between the three reservoirs. The probability plots for each 

reservoir also indicate only one population. Because only one population was identified and the 

concentrations are low (less than 2.1 mg/kg and similar to  benchmark data), the beryllium 

concentrations in sediment represent a background population. 

6.4.5 Cadmium 

In Great Western Reservoir and Standley Lake, only one population was identified for cadmiurn, 

based on the probability analysis. PROBPLOT was not performed for Mower Reservoir because 

cadmium was not detected in any of the samples. The PROBPLOT results also show all the 

data for a given IHSS were below the threshold value defined from the cumulative frequency 

distribution. Cadmium occurs naturally in the surrounding mineralized areas (Sheridan et al., 

1967). 

6.4.6 Chromium 

The PROBPLOT analysis indicates two subpopulations of chromium were identified for Mower 

Reservoir and Great Western Reservoir but only one population for Standlev Lake. In February 

1989, a waste chromic acid spill occurred at  the RFP. An estimated 750 gallons of chromic 
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acid were discharged into a drain system that flowed to the plant's sewage treatment plant. 

The chromic acid went through the treatment plant and was discharged to retention pond B-3 

(CDPHE, 1994). According to the Phase 1 Health Studies on RFP, "No documentation of off- 

site contamination was located for the event" (CDPHE, 1994). If releases did occur offsite, 

Great Western Reservoir would have been the receiving reservoir and its sediments should have 

the highest chromium concentrations. However, chromium was detected in the highest 

concentrations in Standley Lake (31.9 mg/kg), and Mower Reservoir (1 4 mg/kg) had the 

highest mean concentration. In Great Western Reservoir, the mean and maximum 

concentrations of chromium were 9.1 mg/kg and 17.9 mg/kg, respectively. 

Two subpopulations representing background have been identified in Great Western Reservoir 

and Mower Reservoir. The two subpopulations (the lower and upper subpopulation 

distributions) have essentially the same 95th percentile chromium concentration (24.9 and 21.7 

mg/kg, respectively, for Great Western Reservoir and 17.6 and 17.6 mg/kg, respectively, for 

Mower Reservoir). Furthermore, the higher concentration population for each has a lower slope 

than the lower population (the population distributions converge at the 95-percentile 

concentration). The upper subpopulation is likely caused by physiochemical processes such as 

adsorption or precipitation, organic absorption, or algal or microbial bioaccumulation. 

The high algal content in Mower Reservoir suggests that organic complexing and absorption, 

coupled with pH and Eh conditions imposed by the organics, are probably responsible for the 

two chromium subpopulations. Chromium has a tendency to be cycled by the diurnally 

changing pH and Eh conditions imposed by the algal organisms. This cycle can cause a change 

in dissolved versus precipitated metal concentrations. 

The micas derived from the pegmatites in the adjacent drainages are the most likely source of 

chromium-rich micas (Deer et  al., 1971 1. 

A comparison of the three reservoir means and medians and probability plots indicates that 

each reservoir is a normal background population. 
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6.4.7 C_obalt 

Based on the probability plots, one population was identified for each of the three reservoirs. 

Cobalt concentrations in sediments are essentially the same as the nickel concentrations 

divided by a value of approximately 2 in all three sediment areas. This close association 

between cobalt and nickel is common in sediments, regardless of source, because of the 

similarity in the chemical behavior of the two metals (Deer et al., 1971 1. This relationship in all 

three reservoirs indicates that the population represents a background population. 

6.4.8 iron 

One population was identified in each reservoir for iron, based on the PROBPLOT analysis. Iron 

has the second highest metal concentration range in the sediments. Relatively high iron 

concentrations are typical for sediments from lacustrine environments because the reservoirs 

collect the iron oxyhydroxide precipitates, and the lacustrine organisms, particularly algae, 

utilize iron in their metabolic processes. This promotes and retains iron concentrations in the 

reservoir (Davis and Kent, 1990). There is a seasonal die-off of aquatic organisms, which 

incorporates a major part of the retained iron into the sediments. The means (1 6,400, 13,120, 

and 18,600 mg/kg for IHSSs 200, 201, and 202, respectively) and medians (1 6,400, 14,150, 

and 18,300 mg/kg for IHSSs 200, 201, and 202, respectively) for the three reservoirs are 

similar. 

6.4.9 Lead 

In each of the three reservoirs, only one population was identified for lead, based on the 

PROBPLOT analysis. The similarity of the means and medians for the three reservoirs indicates 

that the background mean and median for lead is between 20 and 30 mg/kg, a narrow range 

considering the diverse source areas for the three reservoirs. 

The maximum concentration of lead occurs in Standley Lake. The Standley Lake maximum is 

approximately twice the maximum concentration for Great Western Reservoir and six times the 

maximum in Mower Reservoir. Although Mower Reservoir receives 100 percent of its water 
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from the RFP drainage, Mower Reservoir sediments have approximately half the lead 

concentration of Great Western Reservoir sediments and only 20 percent of the Standley Lake 

maximum sediment concentration. The likely source area for the lead in Standley Lake 

sediments is from the mining wastes being transported in Clear Creek. Only one sample 

(SED01 2792) from the 41 Great Western Reservoir samples exceeds the 95th percentile 

concentration (70 mg/kg) of the PROBPLOT-defined background population with a 

concentration of 80.3 mg/kg. This sample is located in the deepest portion of the reservoir. 

As described previously, the fine-grained sediments are transported to the deepest portion of 

the reswvoir; this is probably why the concentration is higher. Contamination is not indicated 

because metals adsorb more readily to the finer-grained material (Davis and Kent, 1990, and 

Pankow, 1 99 1 ). 

6.4.10 Lithium 

Based on probability plots, there is one population for lithium in all three reservoirs. Mean and 

median concentrations are highest in Mower, intermediate in Great Western, and lowest in 

Standley Lake. In all three, the median is higher than the mean lithium concentration; this 

indicates a dominance of lower lithium concentrations in all three populations. Similar to other 

metals, the maximum lithium concentration is highest in Standley Lake sediments. The 

maximum concentrations of lithium for Standley Lake, Great Western Reservoir, and Mower 

Reservoir are 34.6, 17.6 and 16.2 mg/kg, respectively. Lithium is a common constituent in 

micas, which are released by acid attack (mine waste areas) and, to a much lesser extent, 

natural weathering processes; ultimately, they are incorporated in the clay minerals (Deer e t  al., 

1971 ). The maximum concentration occurring in Standley Lake is likely due to the contribution 

from the highly mineralized sediments from Clear Creek. 

6.4.1 1 Manaanese 

One population for manganese was identified in Great Western Reservoir and Standley Lake 

from PROBPLOT for manganese. In Mower Reservoir, two similar populations were identified. 

The mean and medians for Great Western Reservoir (378.6 and 441.4 mg/kg, respectively) and 

Standley Lake (449.7 and 350.8 mg/kg, respectively) sediments are similar, but the maximum 
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manganese concentration in Standley Lake (4450.4 mg/kg) sediments is three times higher 

than the maximum concentration in Great Western Reservoir (1 549.9 mg/kg). This probably 

reflects the contribution from the highly mineralized Clear Creek sediments to Standley Lake. 

The mean, median, and maximum concentrations of manganese (294, 250.8, and 1170 mg/kg, 

respectively) are the lowest in Mower Reservoir. 

The two subpopulation distributions in Mower Reservoir converge near the upper threshold 

concentration. The two subpopulations are likely due to fluctuations in pH within the reservoir. 

Of the three reservoirs, Mower Reservoir is the most strongly influenced by algal growth, which 

causes a diurnal (and seasonal) increase in pH to values above 9. Manganese precipitates 

much more rapidly with increasing pH, precipitating in minutes to hours at pH values higher 

than 8 (Stumm, 1990, and Pankow, 1991 1, This process increases the amount of oxidized 

manganese deposited in the reservoir sediments and causes variability in concentrations, 

depending on when the sampling occurred. In the other two reservoirs, manganese is also 

oxidized and precipitated, but the algal population is not sufficient to enhance the precipitation 

process. The two populations in Mower Reservoir are likely due to physical processes. The 

two subpopulations are similar to Standley Lake and Great Western Reservoir. 

6.4.12 Mercury 

Probability plots were only developed for Standley Lake. There was an insufficient number of 

detects to perform a PROBPLOT analysis for Great Western Reservoir and Mower Reservoir. 

One population was observed in Standley Lake based on the probability plot. The maximum 

mercury concentration in Standley Lake sediment is only 0.6 mg/kg. Considering the potential 

strong complexing characteristics (organics, microbiota, and chloride) of mercury and the 

placering (historical use of elemental mercury to recover gold) that has taken place along Clear 

Creek, these sediment concentrations of mercury are low. 

6.4.13 Nickel 

Based on the probability plots, one population for nickel was identified for each of the three 

reservoirs. The mean and median nickel concentrations in both Great Western Reservoir and 
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Mower Reservoir are essentially the same values (1 6 to 17.5 mg/kg) and higher than Standley 

Lake sediment mean and median. The nickel is slightly higher in Mower Reservoir than in Great 

Western Reservoir; this difference may be due to the presence of aquatic microbiota. 

Only one of the 41 Great Western sediment samples ISED00692) exceeds the 95th percentile 

concentration from PROBPLOT; the sample is located along Broomfield Ditch. This is the same 

location that has the highest concentrations for cobalt, manganese, and one of the highest 

concentrations for iron. This is the result of irodmanganese oxyhydroxide adsorption, which 

elevates the nickel and cobalt concentrations through the adsorption process (Davis and Kent, 

1990; Pankow, 1991 1. This enhancement is most likely a natural phenomenon rather than an 

anthropogenic impact. 

6.4.14 Silicon (Silica) 

In Great Western Reservoir and Standley Lake, one population for silicon was identified, based 

on probability plots. In Mower Reservoir, only one sample was analyzed for silicon, so no 

PROBPLOT analysis was performed. The laboratory reports silica (SO,) in terms of Silicon, Si. 

Considering the abundance of silica in quartz and other minerals contained in sediments, the 

silica concentration is surprisingly low. The maximum concentrations of silica are less than 

1 percent (1 0,000 mg/kg) compared to an average crustal abundance of approximately 

28 percent (280,000 mg/kg) (Taylor, 1964). Standley Lake sediments have higher silica 

concentrations than Great Western, which probably reflects the higher quartz relative to mica in 

Standley Lake sediments. Quartz is readily available in the placer and mine waste areas of the 

Clear Creek drainage. 

6.4.15 Zinc 

One population for zinc was identified in each reservoir based on PROBPLOT. Zinc is one of the 

most mobile metals. The zinc mean,' median, and maximum concentrations are all highest in 

Standley Lake (1 81.9, 184.4, and 1 170 mg/kg, respectively) sediments, intermediate in Great 

Western Reservoir (137.8, 120.5, and 496 mgkg, respectively), and lowest in Mower 

Reservoir (69.5, 68.6, and 1 93 mg/kg, respectively) sediments. These relationships support 
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and enforce the relative importance of historic and current mining waste and discharge sources 

in the Clear Creek drainage to the site-specific 'background of Standley Lake sediments. 

6.4.16 230"40Pu 

One population for 23a/240Pu was identified for Standley Lake and Great Western Reservoir. Two 

subpopulations were identified in Mower Reservoir. All activities in both Mower Reservoir and 

Standley Lake sediments are less than 1 pCi/g. Median activities and 95th percentile activity 

values from PROBPLOT indicate that Standley Lake sediments have the lowest activity, Mower 

Reservoir has intermediate activities, and Great Western Reservoir has the highest activities in 

sediments. In fact, three Great Western sediment samples (GWR-EG 46, 47, and 48) have the 

only activities that exceed 1 pCi/g across all three sediment reservoirs (3.1, 3.2, and 3.3 pCi/g, 

respectively). These three samples were collected in 1983 investigations. Given the two 

subpopulations in Mower Reservoir are similar to the values to the single populations in the 

other two IHSSs, it appears the activities represent background conditions. Further, the two 

subpopulations are converging, which indicates natural processes affecting one natural- 

background population. 

6.4.17 233R34u 

Based on PROBPLOT, 233'234U is remarkably consistent in all three reservoirs and shows only 

one population. The median activities for all three reservoirs are similar, ranging from 1.20 to 

1.24 pCi/g. The 95th percentile activity values for Great Western and Mower are similar (2.79 

and 2.61 pCi/g, respectively) but lower than Standley Lake sediment (3.71 pCi/g). The highest 

activity is in Great Western Reservoir (SED06692). 

6.4.18 9 

Based on the PROBPLOT analysis, one population for 236U was identified in each of the 

reservoirs. With the exception of a single exceedance from a sample in Great Western 

Reservoir (SED06692), described in the 233/234U discussion, the 236U activities are a background 

population. This single population is indicated by means, medians, and PROBPLOT 
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95th percentile activities. The suite of radioactivity present at SED06692 is likely due to 

natural uranium mineralization and not anthropogenic contamination. 

6.4.19 Summarv for Sediments 

Most of the metals and radionuclides reviewed indicate the presence of only one population in a 

given reservoir. Where two subpopulations were identified, a review of the natural physical 

processes and associated physicochemical conditions indicates that the differences are due to 

natural environmental variability and not to contamination. As shown in Figure G-2, these 

chemicals exhibit two converging populations, unlike the diverging populations of the 23s’240Pu 

surface soil data. 

G.5 DATA INTERPRETATION FOR SURFACE WATER 

Surface water parameters selected for this evaluation include arsenic, lead, manganese, silicon, 

and iron for the three reservoirs and for background stream samples collected for the 

Backaround Geochemical Characterization ReDon (DOE, 1993). The data for OU 3 and the 

background stream data were combined for the PROBPLOT analysis because some of the 

metals had a low frequency detection and there would not be sufficient sample sizes to  perform 

PROBPLOT on an IHSS-by-IHSS basis. The number of samples with detected concentrations 

show considerable variability. Arsenic has only 33 detections; lead, 103; silica, 1 18; 

manganese, 208; and iron, 218. 

Streams, particularly turbulent streams, have a relatively high total dissolved oxygen that 

imparts a high oxidation-reduction potential or Eh to the water. A high Eh and near-neutral pH 

in surface water results in the precipitation of iron oxyhydroxide, reducing the dissolved iron to  

approximately 0.1 milligram per liter or less. In the case of Clear Creek, iron is transported as a 

colloidal flocculent from the mineralization in the headwaters. This flocculent typically adsorbs 

metals (arsenic, copper, lead, etc.) (Davis and Kent, 1990; Pankow, 1991 1. The Clear Creek 

water is a major source of surface water into Standley Lake and also contributes to Great 

Western Reservoir but not to Mower Reservoir. 
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The PROBPLOT analyses for surface water show only one population for each of the metals 

evaluated. The PROBPLOT results for each metal are described in the following paragraphs. 

6.5.1 Arsenic 

Based on PROBPLOT, one population has been identified in arsenic for the surface-water data. 

The mean, median, and maximum concentrations of arsenic are 2.54, 2.52, 6.6 pg/L, 

respectively. The similar mean and median concentrations indicate that the population is a 

statistically normal background population. The 95th percentile cumulative frequency analysis 

concentration and the geometric mean plus two standard deviations concentration is 9.1 6 pg/L. 

This indicates that not only is the arsenic a normal distribution but also that the highest arsenic 

concentration is less than this value. 

6.5.2 

Based on the probability plot, one population for iron was identified in the combined OU 3 and 

background data set for iron. The mean iron concentration is tower than the median, indicating 

that more samples have concentrations lower than the mean concentration. However, the 

maximum concentration (26.3 mg/L) and four other background samples are above the 

95th percentile iron concentration, which the cumulative frequency distribution indicates to  be 

a single population. In fact, the highest 18 surface-water samples are background samples. 

The highest iron concentration for a OU 3 surface-water sample is from Great Western 

Reservoir (SW00692) with a iron concentration of only 2.34 mg/L (less than half the 

Backaround Geochemical Characterization Reoort samples). Therefore, all three reservoirs 

included in the OU 3 area are well within the statistically defined background population. 

Based on probability plots, one population for lead is identified in the surface-water data. The 

mean lead concentration is slightly higher than the median (3.6 versus 3.4 pgR), indicating the 

potential for a slight skewness toward concentrations above the mean rather than below the 
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mean in the 103 samples. The cumulative frequency distribution defines a 95th percentile 

concentration of 14.8 pg/L compared with a maximum concentration of 37.2 PglL for lead. 

There are only four samples (about 4 percent of the total detected population) with a lead 

concentration greater than 14.8 pg/L two are from Mower (SW02792 and SW30921, one is 

from Great Western (SW02192), and one is from the background data (SW130). The 

distribution of these four samples is only slightly above and parallelling the normal distribution 

line for the total population, indicating adsorption processes rather than a contaminant source. 

The two Mower Reservoir samples correspond with detected arsenic samples. This strongly 

suggests that both are present and accumulated as adsorbed phases on iron oxyhydroxide. 

Both are among the most strongly adsorbed of ions on this adsorption medium. Similar to the 

adsorbed arsenic, the lead adsorbed to the iron oxyhydroxides will have a tendency to be 

retained in the reservoir water. Unlike arsenic, lead can be also be precipitated as a relatively 

insoluble lead carbonate mineral and be incorporated into the bottom sediments (Pankow, 

1991 1. The fact that one of the 95 percent exceedances is from the background data indicates 

that elevated concentrations of lead in Great Western Reservoir and Mower Reservoir are not 

unique. The Great Western sample is lower than background sample (1 7 versus 18.5 pg/L). 

6.5.4 Manaanese 

The probability plot for manganese indicates one population is present for the surface-water 

data set. The mean manganese concentration is slightly higher than the median (33.5 versus 

32.4 pg/L), indicating the potential for a slight tendency for samples to occur above the mean 

rather than below the mean. The maximum concentration (4,060 pg/L) is much higher than the 

95th percentile concentration (444 pg/L) defined by the cumulative frequency analysis. 

However, only four of the 208 detected manganese concentrations (approximately 2 percent of 

the total detected population) exceeded the 95th percentile concentration. 

The maximum value and third highest concentration of manganese are background samples 

(SW107 and SW041, respectively). The location of maximum manganese concentration is also 

the location of maximum iron concentration. This strongly suggests that at least these two 

samples, and potentially all four, are associated with iron oxyhydroxide precipitates. The 
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remaining two samples are from Standley Lake, which receives surface water from Clear Creek. 

Dissolved manganese is released from the mineralization and mine wastes in the upper part of 

Clear Creek. 

6.5.5 Silicon 

Based on the probability plot for silicon, one population was identified. All of the 1 18 detected 

silicon concentrations are within the 95th percentile silicon concentration, defined by the 

cumulative frequency distribution. The mean silicon concentration (435 pg/L) is less than the 

median (474 pg/L), suggesting more silicon concentrations are lower than the mean than higher 

than the mean. The maximum silicon concentration is 3.4 mg/L, which is lower than the 

95th percentile concentration of 1 8.6 mg/L. Therefore, this suite of silicon concentrations form 

a statistically normal population of which there are no concentrations from the three reservoirs 

or background samples that exceed the 95th percentile concentration. 

6.5.6 Summarv for Surface Water 

The PROBPLOT analysis for surface water indicates that, for the metals reviewed, only one 

population is present when all the reservoir and background data are combined. No statistical 

difference, based on the cumulative frequency distribution, was identified between the 

background samples collected as part of the Backaround Geochemical Characterization Report 

(DOE, 1993) and the OU 3 surface-water data. 

G.6 PROBPLOT OUTPUT 

PROBPLOT output is provided for each metal and radionuclide evaluated. The plots are 

presented alphabetically by IHSS (200, 201, and 202) with sediments first, followed by surface 

water. The first page for a given chemical and IHSS is the summary statistics and histogram, 

followed by the probability plot. The last page is a summary of the parameters used in 

performing the probability plot analysis (data file name, variable input, number of samples, and 

number of populations present). 
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D a t a  
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F i l e  N a m e  = A:UL-S.BAT 

U n i k  = i.1G i K N =  19 
N CI L-- 13 

T r a n s f o r m  = _agar-i - h m i c  N u m b e r  of P a p u l a t i o n s  =I 2 
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PARAMETER SUMMnRY STATISTICS FOR PROBABILITY PLOT A N A L Y S I S  

D a t a  F i  1 e N a m e  I= A: AS-.S. DkT 

T r a n s f  arm = L o q a r i t h m i c  Number of P o p u l a t i o n s  = 1 

# 03 Missing D b s e r v a t i n n s  = 0 .  

Raw Data Ma:.: i mum Li kel i h a a d  Parameter Esti mates 

Ma:.: i mum LM I - i  k:el i hnad Val ue = 7.735 

P a r a m e t e r i z e d  D e g r e e s  Of Freedom = 1 

De+ aul t T h r e s h a f  ds. 

S t a n d a r d  Devi  a t  i o n  M u 1  t i  pl i er = 2. (3 
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Data F i l e  N a m e  = Ar%E-.S.rjAT 

Variable = Be Un i t  = M ,f t::: 
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1 ran-,fclrm = Logarithmic Number of F'ctpulatllons =: 1 

Raw Data Maxi mum i-i kel i h o o d  Paramrt.eir Estimates 

Maxi mum LN L i  ke3  i huad V a l .  ue = L .  311 

Parameterized Eegrees of Freedom = 1 
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1\J = 3 9 
N Cf = 16 

Transform = t o g a r - i t h m i t  N v . m b e r  of F'apulations = 2 

Raw Data M a w  i miirn L i  !::el i huod Parameter Estimates 
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Data F i l e  f.lame = A:CR--S.DAT 

V a r -  i ab 1 e = Ct- lJni t = MG/K 

Tr-ans.t'nrm = tagari t h m i  c Number a+ Papuiat ians L- 2 

#: af M i s s i n g  C i b s e r v a t i a n s  = (3. 

Raw Data Ma:.: irr;um Likelihood Parameter Est imates  

Ma:.: i mum LN Li !::el i h a o d  V a l  ~ i e  = 1 0 "  9-73 

7 Parameterized Degrees of Freedarrr = .-* 
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F'GRAMETER SUMMARY sraT I s r  I cs FOR PHOBGE I L I -I-Y FI..QT ANQLYS I s 

Data F i l e  Name = A:CO-S.DAT 

V a r i a b l e  = I: u I J n i t  =r MG/K N =I 

N CI = 

T r a n s j C m r m  = Logarithmic Number of Papulation5 = 1 

# of M i s s i n g  Observations = Cr. 

18 
1 5  

Raw D a t a  Maxi mum L i  kel i h a o d  Parameter Esti rrrates 

Pararnet.erired Degrees of Freedom = 1. 
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F'FIRAMETER SLJMMARY STATISTICS FOR PROBABILITY PLQT A N A L Y S I S  

O a t a  File N a m e  = A:FE-S.DAT 

Variable = Fe U n i t  =E MG / K 

T r a n s q o r m  = L o g a r i t h m i c  N u m b e r  of Papulations = 1 

F;aw D a t a  Max 1. mum ii ke3. i hand Parameter Esti matas 

Ma:.: i miim LN Li P:el i ha& Value = l(3-561 

Parameterized Degrees, a+ Freedom = 1 

O e b a u ?  t Threshnl ds. 

S t a n d a r d  Deviation Multiplier- = 2.0 
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PARAMETER SLJMMGRY STATISTICS FUR PROBABILITY PLOT ANALYSIS 

D a t a  Fj. 1. e Name = A: PF-5. DCST 

W a 3  M i s s i n g  Qbservations = (3. 

Raw Data M a x i  m m n  L i  k e l  i hood P a r a m e t e r  Esti mates 

Ma:.: i mum t.N Li ke l  i huud Val uc2? =: 8 I :254 
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PARAMETER SlJMMARY STRTISTICS FOR- PRL3EABlLlTY FLDT APJALYSZS 

T r a n s f o r m  .- l a g a r i t h m i c  Number of F'noct.2atinns = 1 

% a+ M i . s s i n q  abservatians = 0. 

Paramet.erited Degrees ab Freedom = 1 

1 

Standard Deviation Mulkiplier =: 2.0 
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.Data F i l e  Name = A:MI‘J-S.D,clT 

Variable = Mn U n i t  = MG / k: 

TransSorrn = Logar i thmic  Number- af F‘npt1.1 ati an5 = 2 

Raw Data Ma:.: i mum t.i kel i hnod Parameter Esti m a t ~ s  

Ma:.: k m u m  t.N L i  k e f  i hood ‘Jsl UE = 3“ 903 

7 Parameterized Degrees 0.f Freedom r= ..J 

Tf;reshaZds,  bJhi t f 7  Minimize Cf a s s i d i c a t i o n  Errors .  
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D a t a  File Name z= A::NI-.S.DAT' 

W o-f Missing Observations = 0. 

Users trisual Parameter E s t i m a t e s  
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Mean = 1 €3422 M i n  = 1 .I 6075 1st auarti 1 e = I .  6753 
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RFP ,.' OU-3:  Zn-5 
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PERCENT i 
Rftii D A T A  nL. 

PHRRHE TER EST I n A  TES 



PARAMETER SUMMARY STRT I ST I CS FCIR PRUBN3 I L I Ti' PLOT A N A L Y S I S  

D a t a  Fi Le Name = A: ZN-S. I j A T  

T r a n s f o r m  =3 L o g a r i t h m i c  Number of F ' o p t ~ 1 a t i o n s  = 1 

# of M i s s i n g  O b s e r v a t i o n s  = 0. 

Raw Data Ma:.: i m u m  L i  kel i hood Parameter E5.t.i m a t e s  

Ma:.: i m u m  LN L i  kel i h o o d  Val UP 8.653 

P a r a m e t e r i z e d  Degrees  of: F r e e d o m  = 1 

Ce-Faul t T h r e s h o l  dc,. 

S t a n d a r d  D e v i a t i o n  M u l t i p l i e r  = 2.0 
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V a r i a b l e  = F&39 U n i t  = PCI/ t\J = 19 
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V a r i a b l e  = Pu239 U n i t  = P c I i  N = 19 
N GI = 13 

T r a n s f o r m  = L a g a r i t h m i c  Number of P o p u l a t i o n s  = 2 

W a 9  M i s s i n g  O b s e r v a t i o n s  = (3. 

Raw D a t a  Maxi mum L i  kel i hnud P a r a m e t e r  E5t. i  mates 

Maxi mum LN Li k e l  i h o o d  Val LE = -3. 1 (:E 

-7 P a r a m e t e r i z e d  O e g r e e s  of F r e e d o m  = .-I 

D e f a u l t  T h r e s h o l d s .  

S t a n d a r d  D e v i a t i o n  M u l t i p l i e r -  = 2.G 
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T r a n s C o r m  = L a g a r i t h m i c  bhrnber c r f  F'opul at-i oris = 1 

44 of Miz..s'ing Observat ions r= 6. 

Users V i  ZuaL Parameter Est i mates 
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De+ al;? t T h r e s h c l  ds. 

S t a n d a r d  D e v i a i r i c m  M u l t i p l i e r  2.0 
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Data Fi l e  Name = A: trZ35--E;. DAT 

V a r i a b l e  = U235 U n i t  =L PCI/ 
c' 

T r a n s f a r m  =r L a g a r i t h m i c  f\itrmber nf Papt.tl a t  i ons = 1 
.d 

- 
# 04 M i s s i n g  Dbservations = 0. 

R a w  Data Ma:.: i m i i m  Li k e l  i bond P a r a m e t e r  E s t i  nates 

Ma:.: i rnitm LN L.i kei i haud Val ?ae = -4, 71b  

Parameterized Degrees ai GreedDm =: i 

Ije-faul t Threshaids. 
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HHRA Chemicals of Concern Identification, TM 4 
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Non-Controlled Document 
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APPENDIX H. CDPHE/EPA/DOE GUIDANCE FOR THE COC SELECTION PROCESS 

Appendix H contains copies of the following CDPHE/EPA/DOE guidance for the COC selection 

process and the Data Aggregation process: 

0 Attachment 1 - Memorandum from Jessie Roberson (DOE, Memo Reference 

No. ER:SRG:03600), dated March 30, 1994, describing Data Aggregation 

methodologies, including the CDPHE Conservative Screen. 

0 Attachment 2 - Memorandum from Martin Hestmark (EPA) confirming the 

background comparison methodologies to be used for OU 3 he., weight-of- 

evidence evaluations for reservoirs) a s  part of the Data Aggregation process. 

DEN1001 6257.WP5 
Draft 

08/29/94/6:28am 
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United States Government Department of- Energy 

memorandum 
..* 

Rocky Flats Office 

www: Resumption of A3l Work onOpztahle Unit Baselire Zisk Assusmmts 



AER- 4-94 HON 12:37 
HAR-31-94 'I'HLI 1u:zr U'fY Kk3IUMlfWN UlVISlVR r M  IWa v a f i  

e *  - 

s. Sdger 
ER-SRG-03600 

2 
MAR 3 0 1994 

P, 04 
L . V" 

t" '.. 



APR- 4-94 tfON 12:37 

. *  

P, 05 

DATA AGGREGATJON FOR HEALTH EXPOSURE ASSESSMENT 

&!xitk && baare-n Method- for Rockyflats 

The ffnt cansfderatfan of data aggregation is the exposure scenan'o (land us@. 
Exam'pk expasure areas for the Rocky Rats Plant sita may be (I) for the 
Industriaflcornmerca~ fand use scenario, the area of a typical industrid park (2) 
for the emlogical preserve scanarb, %e area at a presewe, and (3) for the 
resfdentiaf land use scenario, the area of a residentiai neighborhood unless the 
coWderation of a receptors actlvity patterns and the mechanisms of toxicity of 
a PwCu1ar contaminant indicate that a reddentid lot size Is appropriate. 

fokwfng the apptkation of the attached conservat~3 screen (which identifies 
ateas of elevated contaminant cmcsntration which will be the facus of the 
basahe risk asseasrnent), data must be aggregated for each environmental 
medium to arrive at the exposure point concentration Estlrnate which witl be 
usad in the expasure assessment. Aggregation of ZiI contamlnaflt dzta, 
induding data below background or detedion limits, will be accomplished O Y e f  
the scenario-specific exposure areas within the area of concern identified by 
the sc:eening process The reccrnmended data aggregation procedure is as 
folIows: 

1) 

2) 

.. * 

Identify the exposure scenario(s) which wiiJ be messed- 

Agree on the size of the exposure area for ezch sce&rio by consfderfng 
the.recsptors, the toxicity of the cuntarninarrts ot cgnc8m (COCs). tha 
exposure pzrJlways, ana cantaninant variability. Determination uf the 
apfYopfkt8 expasure area requires an understanding of the mechanisms 
at todciC;ty es well as the uncepts of exposure. For this reason, 
exprimcad risk asses so^^, toxi~Iogists, and hedh physidss  from ail 
three agencies (E?A, COH, and DOE) must be mnsulted. 

3) 

4) 

Plat the COC data, induahg data points below background or detection 
fimk On a map of the operable unit, delinezting the ace0 of concern*. 

~ n S u i f  with toxicdogists and heath physicists from all three agencies 
(€PA CDH, and DOE] to pkce a grid of exposure areas over the area of 
Cmcbm. The grid placement must be approved by the three agency 
kxdwkqkts and heath physicists due to consideratiow of mechankm of 
toxicity. Of murse, involvement ot other saentific dsdplinf3s wiff ab3 be 
required. 

Area Of Concorn = One or several sources- grouped spatlaliy in ctusa pfoxImlQ. 

Source = Area deflmd by { I )  contaminant IeveIs exccedtng baekqtound mean $IUS - *T 

2 standard deviatfons for Inorganics andor (2) detection limits for organics. 
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5) Risk assessment requites characterization of each exposure area for the 
site ( O S w H  Diredye 9285.7-G9A, April. 1992. p. 55). Generally this 
requires aggregdon of data and a subsequent calculation of risk within 
each exposure area This is especiaily important far heterogeneous data 
sets. However, az ihe Rocky n e  sits, 811 paaes agree that it is sufficient to 
ealdate risks tor only one expcsura area per sourcs: the exposure area 
associated with the highest rfsk, iderxified by considering the 
WncentmlOns of COC3, the affected emironmental media, and the 
number of exposure pathways. If the exposure area assocktted wiih the 
highest risk Is nat readily identifiable, several exposure areas may be 
analyzed. This decision will be made on 8 case-by-case basis. 
In gene&, not mor0 than one expasum area per sourm will need to be 
evaluated unless the exposure pa?hmjs differ between exposure 2maS 
Within the source. Data within the exposure area(s) will be aggregated 
using the foilowing procedure: 

Ushg the canplete operable unit data 52t, determine the statistid 
distribution fcr each COC in ezch envfronmentzl media. Present the 
statistiel distrioution graphica!ly, aiong with the data piotted in a 
histogram whicn presents The frequency of detection and the 
magnitude. 

b. U s  EPA's 'Supplemental Guidance to RAGS: Calculating the 
COnCantr~on T8rm" to d d d e  the 9Sth percent upper cmfidencs 
h i €  (95% UCL) a? tha arithmetic m e a  over e@ exposure area for 
each COC. If the COC dz?z Is Icg-nomdy dismributed. highlight 5 of 
this guidanca document should be used. If the COC data is rtormally 
distributed or is determined to be non-prrmetrk, highlight 6 should 
be used. The guidam sates that cafc~iaiion of the 95% UCL using 
data sats with fewer than 10 samples per exposure area provides a 
pow estirnzte of the mean uncentrztion. Data seis with 20 to 30 
sampIes per exposure araa provide fddy ccasistent estlmate of the 
mean. AI1 parties agree that uncertainties in the estimates of tW 
mean caflcentt&ms Gill be ado:esscd In the uncertainty analysis. 
Fa? OUs 2-7, addifionaf fteld sampling in support of 
baseline risk assessment must be mutually agreed to by 
€PA, CDH, and DOE. On a case-by-casa basis, with the 
approval of the regulators, gecstatlstks may be utilized to 
hmparate  spatial continuity of dab, 

( 

. 

6) Use the remits of step 5@) as the exposure point mncentratioa term in the 
exposure assessment Ca&der ail cocs in cakuIatfng cumulative dsks 
for eacb expasure $rea analyzed. 
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The above procedure provides tho arithmetic average of the exposure 
concentration that Is expectedja be contacted over the exposure pe&ad wahh 
the exposure area assodated with the maximum risk within the sourcc1- 
AIthouqb thfs concentration does not reflect the maximum eoncantration that 
auld be contadsd at any one t h e ,  it is explicitly sta?ed In OSWER Publication 
9285.%08?, 'SuppIementaI Guidanm to RAGS: Caicutating the Concentration 
Tern', the average is used for twcr reasars: 

1. cardnogenic and chronic noncarcnogenIc ioxicity crlteda are based On 
Rfetlrne average exposures; and 

2- average cancantmtIon is most representative of the concentration that would 
be contacted over tfme if it is assumed that an exposed indwidual mows 
randomly across an exposure area. . -  

Consideratfons of risk due to exposure to a source ot mntaminarion wilt be 
addressed because dl COC data will he considered with resped to how a 
potorttial receptor may be expcsed, not simply how Zhe antarnination is 
distributed la the environment. 

i 

i 
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I Mr. Robert L, Dugrey, Director 
Bazardcus Vasts Naxiagemnt Divfsiaa 
U.S. EnVirameckal Pzatectia Ag-q  
Regloa VIIX 
9 9 9  18th Street, Suite 5 0 0 ,  8W-C 
Denver, Colorado 80202-2405 

R.8: 
at the Rpcky Flats P l a t  

Resolutfan of Dam -+ia/t3aae33Pe Sisk Useasnent D i m t a  

The Colorado Department o f  gealt5, ~ a z t = t ; s  %rerials and waste 
Management DivisiGa (the Division), bereby cdpc3ZS w i t h  -A’S 
propoeed resolukfon to the e v e  refererrced dispte .  Xowever, ue da 
60 with tSe following cozlditiona: 

1) The attacbed Xasgua5e srpLWnf.r,q bow ffrs *cgMc-tiVe risk 
80reen“ d l  ba ccnduered will be CQ yctt’ propoeal. This 
language hao bees reviewed by ataff and bdEE staff and i p #  as €az- 
as we bow, accepMle t o  bo&. Aa this screez1 is the f i r s t  step in 
the risk evaluation process, we feel it is valuable t o  add 

the e a t e n  m y  be achieved- 
language to this  propas& so that c-istcat c-ct 

- - .  .c -. - 
. - 
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MR 2A 1s 
, . ..-.. :. , . ~  . .__ - .  .. .. . Ref: 8hwM-FF 

. .  Mr. Rlchard Schussburger 
U.S. Dcparunent of Energy 
Rocky F1 ar.3 Off ice 
Y.O. Box 928 
Golden, CO 80402-0928 

RE: Operabl R Unit 3 
comparisons LU Background Data 

Uear Mr. Scbassburgcr : 

Rspresentatfves of EPA, CDH, and DOE contractors mpt. on 
March 10, 1994, to diocucc options for comparing the reraedial 
investigation data collected from Plower k s e m a i r ,  S t a d l e y  Lake 
Res;?Tvnir, and Great Wey~era Reservoir to backgroud data. 'I'he 
incent of t h i s  letttr'is to document t.he agreesent reac;had at 

EPA and CDII agrcc t h a t  a weight nf evibence apprudch n a y  be 
used to address the question of wEetheL nuztals and radionuclides 
*in the reservoirs are &ove background levels. The evidence' 
considesed should include, but may m t .  be limited to Lhe 
following: 

1. A comparison of stream sediment. data in the Operable 
Unit 3 (OU 3 )  drai:nages to backgLuuud concentrations of 
strean sediments iu the Background Geochemical Report.  
Those conatitucnts above background i n  the drdillagcs should 
be considered a?, potentially &ove background in the : 
reservoirs. 

2, 
values caken from the existing scientffic literature. 

A comparison of reseivuir data to appropriate background 

3 .  A coneideration of the results of rmedial investigation . 
sediment sampliug in the woman Creek and tne Walnut Creek 
cfi-aiaagcs (Operable Unit 5 and Operable U n i t  G) to determine 
potentj a1 releases inco the off s i t e  rccervoirs. 

We undcrctand that t h j s  approach devidLts from the St-dard 
. .  

. .  

protocol f o r  making backgroud comparison5 at the Eac'q flats 
s i te  which W ~ Y  recommended by Dr. Richard Gilbert o f  Battelle 
Pacific Eorthweet Laboratories and accepted by all three .-.- 
Intezageacy Agreement parties in a facilitated process (BPA . 
letter  dated 0r;Lcbtr 25, 1333; CDH l e t t e r  dated 
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. -  
. ... 

. -. . October 13, 1993). The protocol  is highly statistically based. - e.?.. I 

A key assumption is that  the background data set is - .  
repxeszntative. 

The available data characterizing background concentrations . 

In fact, we believe that if DOE were to use Dr. 

. of reservoir sediments is sparse, therefore, a deviation from Dr, 
Gilbert's approach i s  warranted in the case of OU 3 reservoir. 
sediments, 
Gilbert's approach, the conclusions would be less supportable 
than a weight of evidence approach. 

Sincerely, 

l&d-: kU-2 
Martin Hestmark, Manager 
Rocky Plats Project  

cc:. Bob Birk,  DOE 
,Mark Buddy.;-.EGbX; - 
Joe Schief f e l i n ,  CDH 
Dave Horberry, CDH 
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